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Reading Assignments and 
Learning Objectives 



The following material is a review of the Credit Risk Measurement and Management 
principles designed to address the learning objectives set forth by the Global Association of Risk 
Professionals , 

Reading Assignments 

Jonathan Golin and Philippe Delhaise, The Bank Credit Analysis Handbook (Hoboken, 
NJ; John Wiley & Sons, 2013). 

18, “The Credit Decision,” Chapter 1 (page 13) 

19, “The Credit Analyst, ” Chapter 2 (page 27) 

Arnaud de Servigny and Olivier Renault, Measuring and Managing Credit Risk (New 
York: McGraw-Hill, 2004)* 

20, “Default Risk: Quantitative Methodologies,” Chapter 3 (page 40) 

Rene Stulz, Risk Management dr Derivatives (Florence, KY: Thomson South-Western, 

2002 ), 

21 , “Credit Risks and Credit Derivatives,” Chapter 1 8 (page 52) 

Allan Malz, Financial Risk Management: Models, History, and Institutions (Hoboken, NJ: 



John Wiley & Sons, 2011), 

22, “Credit and Counterparty Risk,” Chapter 6 (page 77) 

23, “Spread Risk and Default Intensity Models,” Chapter 7 (page 97) 

24, “Portfolio Credit Risk,” Chapter 8 (page 1 13) 

25, “Structured Credit Risk,” Chapter 9 (page 127) 



Jon Gregory, Counterparty Credit Risk and Credit Value Adjustment: A Continuing 
Challenge for Global Financial Markets, 2nd Edition (West Sussex, UK: John Wiley & 



Sons, 2012), 

26, “Defining Counterparty Credit Risk,” Chapter 3 (page 1^8) 

27, “Netting, Compression, Resets, and Termination Features,” Chapter 4 (page 157) 

28. “Collateral,” Chapter 5 (page 165) 

29. “Credit Exposure,” Chapter 8 (page 176) 
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30. “Default Probability, Credit Spreads, and Credit Derivatives,” Chapter 10 {page 195) 

31. “Credit Value Adjustment,” Chapter 12 (page 209) 

32. “ Wrong Way Risk,” Chapter 15 (page 218) 

Christopher Culp, Structured Finance and Insurance: The Art of Managing Capital and 
Risk (Hoboken, NJ: John Wiley & Sons, 2006), 

33* “Credit Derivatives and Credit-Linked Notes,” Chapter 12 (page 228) 

34. “The Structuring Process,” Chapter 1 3 (page 240) 

35. “Securitization,” Chapter 1 6 (page 249) 

36. “Cash Collateralized Debt Obligations,” Chapter 17 (page 259) 

37* Adam Ashcraft and Til Schuermann, “Understanding the Securitization 
of Subprime Mortgage Credit,” Federal Reserve Bank of New York Staff 
Reports, No. 318 (March 2008)* (page 272) 
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Learning Objectives 



Book 2 

Reading Assignments and Learning Objectives 



18. The Credit Decision 

After completing this reading, you should be able to: 

1 . Define credit risk and explain how it arises using examples, (page 1 3} 

2. Explain the components of credit risk evaluation, (page 14) 

3. Compare and contrast quantitative and qualitative techniques of credit risk 
evaluation, (page 16) 

4. Compare the credit analysis of consumers, corporations, financial institutions, and 
sovereigns, (page 17) 

5. Describe quantitative measurements and factors of credit risk, including probability 
of default, loss given default, exposure at default, expected loss, and time horizon, 
(page 19) 

6. Compare bank failure and bank insolvency, (page 21) 

19- The Credit Analyst 

After completing this reading, you should be able to: 

L Describe, compare and contrast various credit analyst roles, (page 27) 

2. Describe common tasks performed by a banking credit analyst, (page 32) 

3. Describe the quantitative, qualitative, and research skills a banking credit analyst is 
expected to have, (page 33) 

4. Assess the quality of various sources of information used by a credit analyst. 

(page 34) 

20. Default Risk: Quantitative Methodologies 

After completing this reading, you should be able to: 

1. Describe the Merton model for corporate security pricing, including its 
assumptions, strengths and weaknesses: 

* Illustrate and interpret security-holder payoffs based on the Merton model. 

* Using the Merton model, calculate the value of a firms debt and equity and the 
volatility of firm value. 

* Describe the results and practical implications of empirical studies that use the 
Merton model to value debt, (page 40) 

2. Describe key qualities of credit scoring models, (page 45) 

3. Compare the following quantitative methodologies for credit analysis and scoring: 
linear discriminant analysis, parametric discrimination, K nearest neighbor 
approach, and support vector machines, (page 45) 

4. Differentiate between the following decision rules: minimum error, minimum risk, 
Neyman-Pearson and Minimax. (page 46) 

5. Identify the problems and tradeoffs between classification and prediction models of 
performance, (page 47) 

6. Describe important factors in the choice of a particular class of model, (page 47) 

21. Credit Risks and Credit Derivatives 

After completing this reading, you should be able to: 

1. Explain the relationship between credit spreads, time to maturity, and interest rates, 
(page 57) 

2. Explain the differences between valuing senior and subordinated debt using a 
contingent claim approach, (page 59) 
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3. Explain, from a contingent claim perspective, the impact of stochastic interest rates 
on the valuation of risky bonds, equity, and the risk of default, {page 59) 

4. Assess the credit risks of derivatives, (page 68) 

5. Describe a credit derivative, credit default swap, and total return swap, (page 68) 

6* Explain how to account for credit risk exposure in valuing a swap, (page 71) 



22. Credit and Counterparty Risk 



After completing this reading, you should be able to: 

1. Describe the credi t risks associated with different types of securities, (page 77) 

2. Differentiate between book and market values in a firms capital structure, (page 78) 

3. Describe common frictions that arise with the use of credit contracts, (page 79) 

4. Explain the following concepts related to default and recovery: default events, 
probability of default, credit exposure, and loss given default, (page 80) 

5. Calculate expected loss from recovery rates, the loss given default, and the 
probability of default, (page 82) 

6. Differentiate between a credit risk event and a market risk event for marketable 
securities, (page 83) 

7. Summarize credit assessment techniques such as credit ratings and rating 
migrations, internal ratings, and risk models, (page 83) 

8. Describe counterparty risk, compare counterparty risk to credit risk, and explain 
how counterparty risk can be mitigated, (page 84) 

9. Describe the Merton Model, and use it to calculate the value of a firm, the values of 
a firms debt and equity, and default probabilities, (page 86) 

10. Explain the drawbacks of and assess possible improvements to the Merton Model, 
(page 89) 

1 1 . Describe credit factor models and evaluate an example of a single- factor model, 
(page 90) 

12. Define and calculate Credit VaR. (page 91) 

23, Spread Risk and Default Intensity Models 



After completing this reading, you should be able to: 

1. Compare the different ways of representing credit spreads, (page 97) 

2. Compute one credit spread given others when possible, (page 97) 

3. Define and compute the Spread '0 1 , (page 98) 

4. Explain how default risk for a single company can be modeled as a Bernoulli trial, 
(page 99) 

5. Explain the relationship between exponential and Poisson distributions, (page 100) 

6. Defi ne the hazard rate and use it to define probability functions for default time 
and conditional default probabilities, (page 100) 

7. Calculate risk-neutral default rates from spreads, (page 102) 

8. Describe advantages of using the CDS market to estimate hazard rates, (page 1 03) 

9. Explain how a CDS spread can be used to derive a hazard rate curve, (page 104) 

10. Explain how the default distribution is affected by the sloping of the spread curve, 
(page 106) 

1 1 . Define spread risk and its measurement using the mark-to-market and spread 
volatility, (page 107) 
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After completing this reading, you should be able to: 

L Define default correlation for credit portfolios, (page 1 13) 

2. Identify drawbacks in using the correlation -based credit portfolio framework. 

(page 114) 

3. Assess the impact of correlation on a credit portfolio and its Credit VaR, (page 1 15) 

4. Describe the use of a single factor model to measure portfolio credit risk, including 
the impact of correlation, (page 1 17) 

5* Describe how Credit VaR can be calculated using a simulation of joint defaults with 
a copula, (page 121} 

25. Structured Credit Risk 

After completing this reading, you should be able to: 

1. Describe common types of structured products, (page 127) 

2. Describe tranchmg and the distribution of credit losses in a securitization. 

(page 128) 

3. Describe a waterfall structure in a securitization, (page 129) 

4. Identify the key participants in the securitization process, and describe conflicts of 
interest that can arise in the process, {page 1 32) 

5. Evaluate one or two iterations of interim cashflows in a three tiered securitization 
structure, (page 133) 

6. Describe a simulation approach to calculating credit losses for different tranches in 
a securitization, (page 136) 

7* Explain how the default probabilities and default correlations affect the credit risk 
in a securitization, (page 137) 

8. Explain how default sensitivities for tranches are measured, (page 1 39) 

9. Describe risk factors that impact structured products, (page 139) 

10. Define implied correlation and describe how it can be measured, (page 140) 

1 1. Identify the motivations for using structured credit products, (page 140) 

26. Defining Counterparty Credit Risk 

After completing this reading, you should be able to: 

1. Describe counterparty risk and differentiate it from lending risk, (page 148) 

2. Describe transactions that carry counterparty risk and explain how counterparty 
risk can arise in each transaction, (page 149) 

3. Identify and describe institutions that take on significant counterparty risk, 

(page 1 50) 

4. Describe credit exposure, credit migration, recovery, mark-to-market, replacement 
cost, default probability, loss given default and the recovery rate, (page 151) 

5. Identify and describe the different ways institutions can manage and mitigate 
counterparty risk, (page 1 52) 

27. Netting, Compression, Resets, and Termination Features 

After completing this reading, you should be able to: 

1, Explain the purpose of an ISDA master agreement, (page 157) 

2, Summarize netting and close-out procedures (including multilateral netting), 
explain their advantages and disadvantages, and describe how they fit into the 
framework of the ISDA master agreement, (page 157) 



©2014 Kaplan, Inc, 



Page 9 



Book 2 

Reading Assignments and Learning Objectives 



3. Describe the effectiveness of netting in reducing credit exposure under various 
scenarios, {page 1 60) 

4. Describe die mechanics of termination provisions and explain their advantages and 
disadvantages, (page 160) 

28. Collateral 

After completing this reading* you should be able to: 

1. Describe features of a credit support annex (CSA) within the ISDA Master 
Agreement, (page 1 65) 

2, Describe the role of a valuation agent, {page 1 66) 

3* Describe types of collateral that are typically used, (page 166) 

4, Explain the process for the reconciliation of collateral disputes, (page 167) 

5, Explain the features of a collateralization agreement, (page 167) 

6, Differentiate between a two-way and one-way CSA agreement and describe how 
collateral parameters can be linked to credit quality, (page 169) 

7, Explain how market risk* operational risk, and liquidity risk {including funding 
liquidity risk) can arise through collateralization* (page 170) 

29. Credit Exposure 

After completing this reading* you should be able to: 

1, Describe and calculate the following metrics for credit exposure: expected mark-to- 
market, expected exposure, potential future exposure, expected positive exposure 
and negative exposure* effective exposure, and maximum exposure, (page 176) 

2. Compare the characterization of credit exposure to VaR methods and describe 
additional considerations used in the determination of credit exposure, (page 179) 

3* Identify factors that affect the calculation of the credit exposure profile and 
summarize the impact of collateral on exposure, (page 179) 

4, Identify typical credit exposure profiles for various derivative contracts and 
combination profiles, (page 180) 

5* Explain how payment frequencies and exercise dates affect the exposure profile of 
various securities, (page 183) 

6* Explain the impact of netting on exposure, the benefit of correlation, and calculate 
the netting factor, (page 184) 

7. Explain the impact of collateralization on exposure, and assess the risk associated 
with the remargining period, (page 185) 

8, Explain the difference between risk-neutral and real-world parameters* and describe 
their use in assessing risk, (page 188) 

30. Default Probability, Credit Spreads, and Credit Derivatives 

After completing this reading* you should be able to: 

1. Distinguish between cumulative and marginal default probabilities, (page 195) 

2. Calculate risk-neutral default probabilities, and compare the use of risk-neutral and 
real-world default probabilities in pricing derivative contracts, (page 1 96) 

3. Compare the various approaches for estimating price: historical data approach* 
equity based approach, and risk neutral approach, (page 1 97) 

4. Describe how recovery rates may be estimated, (page 199) 

5. Describe credit default swaps (CDS) and their general underlying mechanics* 

(page 200) 

6. Describe the credit spread curve and explain the motivation for curve mapping, 
(page 201) 
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7. Describe types of portfolio credit derivatives, (page 201} 

8. Describe index tranches, super senior risk, and collateralized debt obligations 
(CDOs), (page 202) 

3 1 . Credit Value Adjustment 

After completing this reading, you should be able to: 

1. Explain the motivation for and the challenges of pricing counterparty risk. 

(page 209) 

2. Describe credit value adjustment (CVA). (page 209) 

3. Calculate CVA and the CVA spread with no wrong- way risk, netting, or 
collateralization, (page 209) 

4. Evaluate the impact of changes in the credit spread and recovery rate assumptions 
on CVA. (page 211) 

5. Explain how netting can be incorporated into the CVA calculation, (page 212) 

6. Define and calculate incremental CVA and marginal CVA, and explain how to 
convert CVA into a running spread, (page 212) 

7. Explain the impact of incorporating collateralization into the CVA calculation. 

(page 212) 

32. Wrong- Way Risk 

After completing this reading, you should be able to: 

1. Describe wrong- way risk and contrast it with right-way risk, (page 218) 

2. Identify examples of wrong-way risk and examples of right-way risk, (page 219) 

33. Credit Derivatives and Credit- Linked Notes 

After completing this reading, you should be able to: 

1 , Describe the mechanics and attributes of a single named credit default swap (CDS). 

(page 228) 

2, Describe the mechanics and attributes of portfolio CDS. (page 230) 

3. Describe the composition and use of CDS indices, (page 232) 

4. Describe the mechanics and attributes of asset default swaps, equity default swaps, 
total return swaps and credit linked notes, (page 233) 

34. The Structuring Process 

After completing this reading, you should be able to: 

L Describe the objectives of structured finance and explain the motivations for asset 
securitization, (page 240) 

2. Describe the process and benefits of ring-fencing assets, (page 241) 

3. Describe the role of structured finance in venture capital formation, risk transfer, 
agency cost reduction, and satisfaction of specific investor demands, (page 242) 

4. Explain the steps involved and the various participants in the structuring process. 

(page 243) 

5. Describe the role of loss distributions and credit ratings in the structuring process. 

(page 244) 

35. Securitization 

After completing this reading, you should be able to: 

L Define securitization, describe the securitization process and explain the role of 
participants in the process, (page 249) 

2. Analyze the differences in the mechanics of issuing securitized products using a 
trust versus a special purpose entity (page 250) 
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3. Describe and assess the various types of internal and external credit enhancements, 
(page 251} 

4. Explain the impact of liquidity, interest rate and currency risk on a securitized 
structure, and identify securities that hedge these exposures, (page 253) 

5. Describe the securitization process for mortgage backed securities and asset backed 
commercial paper, (page 255) 

36. Cash Collateralized Debt Obligations 

After completing this reading, you should be able to: 

L Describe collateralized debt obligations (CDOs) and explain the motivations of 
CDO buyers and sellers, (page 259) 

2. Describe the types of collateral used in CDOs, (page 259) 

3* Explain the structure and benefits of balance sheet CDOs and arbitrage CDOs, and 
the motivations for using them, (page 261) 

4. Compare cash flow and market value CDOs. (page 262) 

5. Compare static and managed portfolios of CDOs. (page 263) 

37* Understanding the Securitization of Subprime Mortgage Credit 

After completing this reading, you should be able to: 

1. Explain the subprime mortgage credit securitization process in the United States, 
(page 272) 

2. Identify and describe key frictions in subprime mortgage securitization, and 
assess the relative contribution of each factor to the subprime mortgage problems, 
(page 272) 

3* Describe the characteristics of the subprime mortgage market, including the 
creditworthiness of the typical borrower and the features and performance of a 
subprime loan, (page 275) 

4. Describe the credit ratings process with respect to sub prime mortgage backed 
securities, (page 276) 

5* Explain the implications of credit ratings on the emergence of subprime related 
mortgage backed securities, (page 276) 

6. Describe the relationship between the credit ratings cycle and the housing cycle, 
(page 276) 

7. Explain the implications of the subprime mortgage meltdown on portfolio 
management, (page 277) 

8. Compare predatory lending and borrowing, (page 277) 
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The following Is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by GARP®, This topic is also covered im 

The Credit Decision 



Topic 1 8 

Exam Focus 

This topic provides an overview of the credit analysis process. Credit risk can arise from 
multiple sources, including default, an increased probability of default, failure to perform 
on a prepaid obligation, more severe losses than forecasted resulting from greater exposure 
than expected, or smaller recoveries than expected given a default. For the exam, be able 
to compare and contrast the credit analysis process for consumers (he., individuals), 
nonfinancial firms, financial firms, and to a lesser degree sovereigns. Also, be able to 
distinguish between the probability of default (PD), the loss given default (LGD), the 
exposure at default (EAD), and the overall expected loss (EL). Understand that it is simple 
to measure these factors after the fact but difficult to forecast losses in advance. Finally, 
understand that outside of times of stress or crisis, banks rarely fail. Credit analysts must 
determine where a financial institution falls on a continuum between perfectly creditworthy 
and bankrupt. 



Credit Risk 



LO 1ST : Define credit risk and explain how it arises using examples. 



Credit is an agreement where one party receives something of value and agrees to pay for 
the good or service at a later date. The word 4 credit” is derived from the ancient Latin word 
credere , which means “to believe” or “to entrust.” The creditor must have knowledge of the 
borrowers character and reputation as well as his financial condition. Generally, there is not 
a definitive yes or no answer to whether a borrower can and will pay back a loan. As such, 
the lender must address the question of likelihood. The lender must assess the likelihood 
that the borrower will pay back the loan in accordance with the terms of the agreement. 

Professor's Note: Borrower, obligor \ counterparty, and issuer are all used to 
signify the party receiving credit. Lender ► creditor , and obligee are primarily 
used to signify the party granting credit \ 

Credit risk is the probability that a borrower will not pay hack a loan in accordance with 
the terms of the credit agreement. The risk can result from: 

* Default on a financial obligation. 

* An increased probability of default on a financial obligation. 

* A more severe loss than expected due to a greater than expected exposure at the time of a 
default. 

* A more severe loss than expected due to a lower than expected recovery at the time of a 
default. 

* Default on payment for goods or services already rendered (i.e., settlement risk). 
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Credit risk arises in many personal and business contexts. In fact, nearly all businesses, 
except small firms that confine their businesses to "cash and carry” transactions (he., a good 
or service is exchanged simultaneously for cash), incur credit risk. Specific contexts in which 
credit risks arise include: 

• A person or company performs a service and sends a bill for payment of the rendered 
service. For example, a car dealership fixes a persons car and then bills the customer, 
giving the customer 30 days to pay the bill in full without incurring financing charges. 

• A party pays in advance for goods or services and awaits receipt of the goods or services 
(i.e,, the settlement of a transaction). For example, a university pays in advance for 
computer training for its staff and faculty and then receives the training over the course 
of the following year, 

• A person or company has provided a product and is awaiting payment for the item. 
Trade credit is an example of this type of transaction. The firm selling the product offers 
“terms of credit,” allowing the purchaser a reasonable period of time to pay the invoice. 
Big-ticket items are almost exclusively sold on credit. For example, a chemistry firm buys 
several powerful microscopes from a supplier and is allowed to pay the full balance in 

30 days. 

There are two types of risks associated with these transactions. There is settlement risk, the 
risk that the counterparty will never pay for the good or service, and a more fundamental 
financial obligation that arises from the loan agreement. Credit risk that arises from trade 
credit is nearly indistinguishable from the credit risk that banks incur. Financial analysis 
must be performed in both cases to increase the likelihood that the borrower will fulfill the 
financial obligation. Banks cannot avoid credit risk; it is central to their business. There 
is no “cash and carry” model in banking. Banks accept money from depositors and other 
sources and lend the money to individuals and firms. Because banks cannot avoid credit 
risk, they must manage the risk through credit analysis and the use of risk mitigants such as 
collateral and loan guarantees. 

Credit Risk Evaluation Components 



LO 18 , 2 : Explain the components of credit risk evaluation* 



The four primary components of credit risk evaluation are as follows, 

1 . The borrowers (or obligors) capacity and willingness to repay the loan. Questions the 

lender must consider include: 

• What is the financial capacity to pay? 

• Is it likely the borrower can fulfill its financial obligations through the maturity of 
the loan? 

• Are there outside forces that affect the borrowers capacity and/or willingness to pay? 
For example, does the ownership structure of the firm, relationships within and 
outside the firm, and other obligations of the firm affect the borrowers ability to 
pay? 

• How does the business itself affect the borrowers capacity to pay? Are there credit 
risk characteristics tied to this particular industry or sector? Does the firm have a 
niche within the industry or sector? 



Page 14 



©2014 Kaplan, Ine, 



Topic 18 

Cross Reference to GARP Assigned Reading - Golin and Delhaise, Chapter 1 

2. The external environment and its effect on the borrower s capacity and willingness 
to repay the borrowed funds. Factors such as the business climate* country risk, and 
operating conditions are relevant to the lender. Are there cyclical changes that will affect 
the level of credit risk? Will political risks affect the likelihood of repayment? 

3. The characteristics of the credit instrument. 1 he credit instrument might be a bond 
issue, a bank loan, a loan from a finance company, trade credit, or other type of debt 
agreement/security. Concerns include: 

* Risk characteristics that arc inherent in the credit instrument, including legal risks 
and obligations that are specific to the instrument. 

* The maturity (also called “tenor”) of the instrument. 

• Is the debt secured or unsecured? Is there collateral backing the loan? Are there loan 
guarantors? 

• Is the debt subordinated or senior to other obligations? What is the priority assigned 
to the creditor? 

• How do loan/bond covenants increase or decrease the credit risk for each party? Can 
the borrower repay the loan early without penalty? Can the lender call the loan? Can 
the security be converted to another form (e.g., a convertible bond)? 

• What is the denominated currency of the obligation? 

* Arc there any contingent risks? 

4. The quality and adequacy of risk mitigants such as collateral, credit enhancements, 
and loan guarantees. Secured lending (i.e,, using risk mitigants in the lending process) 
is generally the preferred method of lending. If there is collateral, a bank or other lender 
may not have to force a delinquent borrower into bankruptcy but may instead sell the 
collateral to satisfy the financial obligation. Secured lenders are also generally in a better 
position than unsecured lenders in the event of bankruptcy The use of collateral not 
only mitigates losses in the event of default, but also lowers the probability of default 
because the obligee typically does not want to lose the collateral. Historically, banks 
have substituted collateral for analysis of the borrower's ability to pay. In some sense, 
the use of collateral eliminates the need for credit analysis, or at the very least makes 
the credit decision simpler. A lender can normally put a marker value on collateral 

and determine if it is sufficient to cover potential losses. Three issues regarding risk 
mitigants include: 

* Is the collateral pledged to, or likely to be pledged ro, another loan? 

• Has there been an estimation of the value of the collateral? 

* If there is a loan guarantor, has there been sufficient credit analysis of the third 
party's willingness and ability to pay in the event the borrower does not pay? A 
guarantor accepts liability for debt if the primary borrower defaults. The bank 
is able to substitute analysis of the guarantors creditworthiness for that of the 
primary borrower. Typically, the guarantor has a greater ability to pay than the 
primary borrower (e.g., a parent guaranteeing a child's car loan or a parent company 
guaranteeing a loan to a subsidiary). 
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Qualitative and Quantitative Techniques 



LO 18.3: Compare and contrast quantitative and qualitative techniques of credit 
risk evaluation* 



The willingness to repay a loan is a subjective attribute. Lenders must make un verifiable 
judgments about the borrower. In some cases, intuition, or “gut feelings,” are necessary to 
conclude whether a borrower is willing to repay a loan. As such, qualitative credit analysis 
techniques are largely used to evaluate the borrowers willingness to repay. Qualitative 
techniques include: 

• Gather information from a variety of sources about the character and reputation of 
the potential borrower. Old-fashioned lending relied on first-hand knowledge of the 
people and businesses in a town. In this case, lenders knew (or thought they knew) 
potential borrowers. It is more difficult in the modern world, where lending decisions are 
centralized, to know customers personally. 

• Face- to- face meetings with the potential borrower to assess the borrower s character are 
routine in evaluating willingness to pay. 

• “Name lending” involves lending to an individual based on the perceived status of 
the individual in the business community. Some lenders substitute name lending for 
financial analysis. 

• Extrapolating past performance into the future. Lenders often assume that a partem of 
borrowing and repaying in the past (e.g., a credit record compiled from past history with 
the borrower and data garnered from credit bureaus) will continue in the future. 

Historical lending norms relied on the moral obligation of borrowers who could pay to repay 
their debts. Thus, gauging die borrowers willingness to pay was a critical component of 
credit analysis. However, in modern society, the moral obligation to pay if one is capable 
of paying has been replaced by the legal obligation to pay. In other words, in terms of 
credit analysis, determining the capacity to pay is more important than determining 
the willingness to pay because the legal system will force those who can pay to honor 
their commitment. Courts can seize the assets of those who will nor fulfill their financial 
obligations. In corrupt or ineffective states, a borrower will not suffer, even if able to pay 
but not doing so. 

The willingness to pay is more important in countries with less -developed financial markets 
and legal systems. Creditors must evaluate the legal system and the strength of creditors’ 
rights in emerging markets, along with the prospective borrowers ability and willingness to 
repay the obligation. This is a qualitative endeavor. Sovereign risk ratings may be used to 
evaluate the quality of a country's legal system and, by extension, the legal risk associated 
with the country or region. The lower the score, the greater the legal risk. For example, in 
2010, Finland had a Rule of Law Index of 1.97, the United States had a rating of 1.58, 
Brazil had a rating of 0.0, and Somalia had a rating of— 2.43. However, even in countries 
with robust legal systems such as Finland and the United States, the creditor must also 
consider the costs associated with taking legal action against a delinquent borrower. If 
costs are high, the creditor may be unwilling to take action regardless of the strength of the 
enforcement of creditor rights. As such, the willingness to pay should never be completely 
ignored in credit analysis. 
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The ability of a borrower to repay a loan is an objective attribute. Quantitative credit 
analysis techniques are largely used to evaluate the borrowers ability to repay The 
primary quantitative technique used in financial analysis is examining the past, current, 
and forecasted financial statements of the prospective borrower. This forms the core of the 
quantitative credit analysis used to determine a borrowers capacity to meet its financial 
obligations. There are limitations associated with quantitative data, which include: 

* Historical nature of the data. Financial data is typically historical and thus may not be 
up-to-date or representative of the future. Also, forecasted financial data is notoriously 
unreliable and susceptible to miscalculations and/or misrepresentations. 

* Difficult to make accurate projections using historical data. Financial statements 
attempt to represent the economic reality of a firm in a highly abbreviated report. As 
such, some information is lost in translation that is critical to the loan decision. The rules 
guiding financial reporting are created by a diverse group with varying interests and are 
often decided by compromise. Also, firms are given discretion regarding what and how 
they report financial information* subject to established accounting rules. Firms may use 
the latitude in financial reporting ro deceive interested parties. Even if the reports are 
accurate, financial data is subject to interpretation. There can be a range of conclusions 
drawn from the same data due ro the variety of needs, perspectives, and experiences 

of the various analysts. This means there is a subjective, qualitative component to an 
objective, quantitative exercise. 

Given the shortcomings of financial reporting, lenders should not ignore qualitative 
analysis. The quality of management, the motivation of the firms management, and the 
incentives of management are relevant for both nonfinancial and financial firms. Even 
quantitative analysis is subject to interpretation. In fact, many would argue that financial 
analysis is much more of an art than a science. Judgment is as important as the quantitative 
analysis supporting it. The most effective analysis combines quantitative assessments with 
qualitative judgments. 

Credit Analysis Comparison 



LO 18*4: Compare the credit analysis of consumers, corporations, financial 
institutions, and sovereigns. 



Four basic types of borrowers for which credit analysis must be performed are as follows: 

1 . Consumers — the analyst evaluates the creditworthiness of individuals. 

2. Corporations — the analyst evaluates the creditworthiness of nonfinancial firms. 
Businesses are typically more difficult to analyze than individuals, although the process 
is similar. 

3- Financial institutions — the analyst evaluates the creditworthiness of financial 

institutions, including banks and nonbank firms such as insurance companies and 
investment companies. 
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4. Government or government-related entities (i.e., sovereigns) — the analyst evaluates 
the creditworthiness of nations, government bodies, and municipalities. Non-state 
entities in specific locations or jurisdictions are also subject to analysis in the sovereign 
category. 

There are similarities and differences in the approaches taken to analyze the creditworthiness 
of the various groups. Figure 1 details some specific aspects of each type of analysis. 



Figure 1 : Comparison of Borrowers 
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The two primary differences between nonfinancial firm credit analysis and financial firm 
credit analysis are (1) the importance of the quality of assets in financial firms and (2) cash 
flow as an indicator of capacity to repay for nonfinancial firms but not a key indicator of 
creditworthiness for financial firms. It is clear from the 2007-2008 financial crisis that asset 
quality is a key indicator of a banks financial health. The ability to withstand financial stress 
is critical for a bank. That is why earnings capacity over time is a more relevant indicator 
of creditworthiness than cash flow. A bank must be able to withstand periods of financial 
stress/ crisis in order to repay debts. 




Professors Note; Sovereign credit analysis is not explicitly discussed in this 
topic . However > in contrast to consumers and financial and nonfinancial firms * 
consider the political issues/concerns that would arise when lending to a foreign 
government. Even a financially healthy sovereign may be a risky loan candidate 
due to the legal systems strength (or lack thereof); a lack of legal protections for 
creditors and other factors might negatively affect the lender and the lender's 
rights , If you have to compare credit analysis across the four groups ( i. e. , 
consumers * nonfinancial firms, financial firms* and sovereigns)* think about 
the differences between the groups and the various factors that explain and/or 
increase! decrease the lender's risk in each case. 



Quantitative Measures 



LO 18, 5: Describe quantitative measurements and factors of credit risk, including 
probability of default, loss given default, exposure at default, expected loss, and 
time horizon. 



Credit risk, the likelihood that a borrower will repay a loan according to the loan 
agreement, and default risk, the probability that a borrower will default, are essentially the 
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same because a default on a financial obligation almost always results in a loss to the lender. 
In the last decade, there have been significant changes in the financial sector. These changes, 
combined with regulatory changes in the industry, have resulted in a somewhat revised view 
of credir and default risks. Current measures used to evaluate creditworthiness are described 
as follows: 

Probability of default (PD): The likelihood that a borrower will default is not necessarily 
the creditors greatest concern. A borrower may briefly default and then quickly correct the 
situation by making a payment, paying interest charges or penalties for missed payments. 
Creditors must rely on other measures of risk in addition to PD. 

Loss given default (LCD): LGD represents the likely percentage loss if the borrower 
defaults. The severity of a default is equally as important to the creditor as the likelihood 
that the default would occur in the first place. If the default is brief and the creditor suffers 
no loss as a result, it is less of a concern than if the default is permanent and the creditor 
suffers significant losses. Both PD and LGD are expressed as percentages. 

Exposure at default (EAD): The loss exposure may be stated as a dollar amount (e.g., the 
loan balance outstanding). EAD can also be stated as a percentage of the nominal amount 
of the loan or the maximum amount available on a credit line. 

Expected loss (EL): Expected loss for a given time horizon is calculated as the product of 
the PD, LGD, and EAD (i.e., PD x LGD x EAD). 

Time horizon: The longer the time horizon (i.e. 3 the longer the tenor of the loan), the 
greater the risk to the lender and the higher the probability of default. Also, EAD and LGD 
change with time. The exposure (EAD) increases as the borrower draws on a credit line and 
falls as the loan is paid down. The LGD can also change as the terms of the loan or credit 
line change. 

Expected loss generally depends on four variables: PD, LGD, EAD, and time horizon. A 
bank should also consider the correlations between various risk exposures when analyzing 
credit risk in a portfolio context. 



Example: Calculating expected loss 

Star City Bank and Trust has examined its loan portfolio over the past year. It has 
determined that the probability of default was 4%, adjusted for the size of the exposure. 
The loss given default over the period was 80%. Bank risk managers estimate that the 
exposure at default was 75% of the potential exposure. Calculate the expected loss given a 
one-year time horizon. 

Answer: 

expected loss = 4% x 80% x 75% = 2.4% 
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Professors Note: It is straightforward to calculate PD, LCD, and EAD after 
the fact. As the previous example illustrates , a lender can analyze historical 
occurrences of default, loss given default , and loss exposure. However ; it is 
difficult to estimate these measures in advance . A financial institution or other 
nonbank lender can use historical experience to help predict future losses , but 
the forecast will not be perfect . Using historical mortgage loss data would have 
been little help in forecasting actual losses that occurred during the 2007-2008 
financial crisis. 



Failure vs* Insolvency 



LO 18 , 6 : Compare bank failure and bank insolvency. 



Bank insolvency and bank failures are not identical. Banks become insolvent and are 
often merged into healthier institutions. It is more convenient and less expensive for the 
government to simply fold a troubled bank into a stronger bank than it is to close the bank. 
In fact, there is an assumption that bank failures are relatively common, but in reality, it 
rarely happens in non-crisis periods. Weak banks are merged with healthier banks, and the 
system avoids outright failures. This is especially true for large, international banks (i.e,, 
banks that are “too big to fail”). In the United States, only 50 banks failed between 2001 
and 2008, half of which failed in 2008, This equates to a rate of approximately 0.1% per 
year during the period. Following the financial crisis, approximately 2% of banks failed in 
both 2009 and 2010. An additional 1.2% of banks failed in 201 1. Research indicates that 
bank failures are considerably less likely than nonfinancial firm failures. 

In the last few years, beginning with the financial crisis in late 2007, many more large banks 
in Europe and the United States have suffered from financial stresses. However, it was clear 
during the crisis that some banks were considered coo big to fail. In response, the Financial 
Stability Board (FSB) created a list of 29 “systemically important financial institutions” 
that are required to hold “additional loss absorption capacity tailored to the impact of their 
[possible] default.” The concern is systemic risk that spreads to other institutions. There was 
substantial evidence of this occurrence during the financial crisis. 

A bank can remain insolvent (without failing), so long as it has a source of liquidity. The 
Federal Reserve is one such source and acts as a “lender of last resort,” A bank failure that 
results in significant losses to depositors and other creditors is quite tare, although as noted, 
the incidence increases in times of crisis, such as in 2008, For a credit analyst evaluating 
a financial institution, the expectation of an outright failute is unlikely. However, because 
banks are heavily leveraged, the risks cannot be ignored. The analyst must place the bank 
somewhere on the continuum between “pure creditworthiness” and bankrupt. At one end of 
the continuum are banks with AAA-rated debt, and at the other end are banks with default 
ratings. Thus, thinking about bank risk on a continuum is useful in defining the banks 
credit risk. 
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Key Concepts 



LO 18.1 

Credit risk is the probability that a borrower will not pay back a loan in accordance with 
the terms of the credit agreement* Credit risk results when an individual or firm defaults 
on a financial obligation. It arises short of default when there is an increased probability 
of default on a financial obligation* A more severe loss than expected due to a greater than 
expected exposure at the time of a default or a more severe loss than expected due to a lower 
than expected recovery ar the time of a default are also components of credit risk* Finally, 
credit risk can arise from a default on a payment for goods or services that are already 
rendered (i,e*, settlement risk). 



LO 18*2 

There are four primary components of credit risk evaluation: (1) the borrowers {obligors) 
willingness and capacity to repay the loan, (2) the effect of external conditions on the 
borrowers ability to repay the loan, (3) the inherent characteristics of the credit instrument 
and the extent to which the characteristics affect the borrower s willingness and ability to 
perform the obligation, and (4) the quality and adequacy of risk miriganrs such as collateral 
and loan guarantees. 



LO 18*3 

Qualitative techniques are used primarily to assess the borrowers willingness to repay the 
loan* Quantitative techniques are used primarily to assess the borrowers ability to repay the 
loan* Gathering information from a variety of sources about the character and reputation 
of the potential borrower, face-to-face interviews with potential borrowers, and using past 
loan payment information to draw conclusions about a borrower s willingness ro pay in 
the future are all qualitative techniques* Analyzing the borrowers recent and past financial 
statements is the primary quantitative method used in credit analysis. 



LO 18.4 

There are key differences between the analysis of the creditworthiness of consumers, 
versus that of nonfinancial and financial firms. Individual factors such as a persons net 
worth, salary, assets, reputation, and credit score are used to evaluate individuals. It is 
more complex ro evaluate firms* Liquidity, cash flow combined with earnings capacity 
and profitability, capital position (solvency), state of the economy, and strength of the 
industry are used ro evaluate nonfinancial firms* Similar data is used for financial firms in 
addition to bank-specific measures such as capital adequacy, asset quality and the banks 
ability to withstand financial stress* Detailed manual analyses, including financial statement 
analysis and interviews with management, are used to analyze the creditworthiness of both 
nonfinancial and financial firms* 
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LO 18.5 

Current measures used to evaluate credit risk are: 

* The probability of default (PD), which is the likelihood that a borrower will default, 

* The loss given default (LCD), which represents the likely percentage loss if the borrower 
does default. 

* Exposure at default (EAD), which can be stated as a dollar amount {e.g., the loan 
balance outstanding) or as a percentage of the nominal amount of the loan or the 
maximum amount available on a credit line. 

* Expected loss (EL), which is, for a given time horizon, calculated as the product of the 
PD, LGD, and EAD (i.e,, PD x LGD x EAD). 

* Time horizon or tenor of the loan. The longer the time horizon, the greater the risk to 
the lender. 



LO 18,6 

Bank insolvency and bank failure are not one in the same. A bank may be insolvent but 
avoid failure so long as liquidity is available. Also, many insolvent banks are merged with 
financially sound banks, avoiding outright failure. For the credit analyst, the fact that failure 
of financial institutions is rare makes analysis easier. However, banks are highly leveraged, 
placing the bank somewhere on the continuum between fully creditworthy and insolvent. 
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Concept Checkers 



1 * Blackstone Credit, Inc*, made a loan to a small start-up firm* The firm grew rapidly, 
and it appeared that Blackstone had made a good credit decision. However, the firm 
grew too fast and could not sustain the growth* It eventually failed. Blackstone had 
initially estimated its exposure at default to be $1,200,000, Because of the firms 
rapid growth and resulting increases in the line of credit, Blackstone ultimately lost 
$1,550,000, In terms of credit risk, this is an example of: 

A. default on payment for goods or services already rendered. 

B* a more severe loss than expected due to a ratings downgrade by a rating agency, 
C* a more severe loss than expected due to a greater than expected exposure at the 
time of a default* 

D* a more severe loss than expected due to a lower than expected recovery at the 
time of a default* 

2. Brent Gulick, a credit analyst with Home Town Bank, is considering the loan 

application of a small, local car dealership* The dealership has been solely owned by 
Bob justice for more than 20 years and sells three brands of American automobiles* 
Because of the rural location, most of the cars sold in the past by the dealership have 
been large pick-up trucks and sports utility vehicles. However, sales have declined, 
and gasoline prices have continued to increase* As a result, Justice is considering 
selling a line of hybrid cars* Justice has borrowed from Home Town Bank before 
but currently does not have a balance outstanding with the bank* Which of the 
following statements is not one of the four components of credit analysis Gulick 
should be evaluating when performing the credit analysis for this potential loan? 

A. The business environment, competition, and economic climate in the region, 

B* Justices character and past payment history with the bank* 

C* The car dealerships balance sheets and income statements for the last few years 
as well as Justice s personal financial situation* 

D* The financial health of Justices friends and family who could be called upon to 
guarantee the loan* 

3* Sarah Garrison is a newly hired loan officer at Lexington Bank and Trust. Her boss 
told her she needs to make five commercial loans this month to meet her sales 
goal* Garrison talks to friends and hears about a local businessperson with a great 
reputation. Everyone in town says John Johnson is someone you want to meet* 
Garrison sets up a meeting with Johnson and is immediately impressed with his 
business sense* They discuss a loan for a new venture Johnson is considering, and 
Garrison agrees that it is a great idea* She takes the loan application back to the bank 
and convinces the chair of the loan committee that Lexington Bank and Trust is 
lucky to be able to do business with someone with Johnsons reputation* This is an 
example of: 

A. historical analysis technique* 

B* qualitative analysis technique, 

C* quantitative analysis technique* 

D* extrapolation analysis technique* 
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4. Stacy Smith is trying to forecast the potential loss on a loan her firm made to a mid- 
size corporate borrower. She determines that there will be a 75% loss if the borrower 
does not perform the financial obligation. This is the: 

A. probability of default. 

B. loss given default. 

C. expected loss. 

D. exposure at default. 

5. Bank of the Plain States has been struggling with poor asset quality for some time. 

The bank lends primarily to large farming operations that have struggled in recent 
years due to a glut of soybeans and corn on the market. Bank regulators have 
recently required that the bank write off some of these loans, which has entirely 
wiped out the capital of the bank. However, the bank still has some liquidity sources 
it can use, including a correspondent bank and the Federal Reserve. Bank of the 
Plain States is: 

A. an insolvent but not failed bank. 

B. both a failed bank and an insolvent bank. 

C neither a failed bank nor an insolvent bank. 

D. a failed bank but not an insolvent bank. 
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Concept Checker Answers 



1 , C Blackstone lost more than expected due to greater exposure at the time of default than 

initially estimated. The borrowing firm was a small start-up, so it was nor likely rated. There 
were no goods or services rendered in this case. In addition, there is no mention of recovery. 
This is also an example of credit risk arising from default on a financial obligation. 

2, D There are four primary components of credit risk evaluation! (1 ) the borrowers (obligors) 

willingness and capacity to repay the loan, (2) the effect of external conditions on the 
borrowers ability to repay the loan, (3) the inherent characteristics of the credit instrument 
and the extent to which the characteristics affect the borrowers willingness and ability to 
repay the loan, and (4) the quality and adequacy of risk mitigants such as collateral and 
loan guarantees. In this case, the local business environment, Justices character, his payment 
history, and the business's financial positions are all relevant. While risk mitigants such as 
collateral and loan guarantees are part of credit analysis, it is unlikely that a local car dealer 
who has been in business for 20 years would be seeking a loan guarantee from a friend or 
family member. In addition, even if Justice were looking at a potential loan guarantor, Gulick 
would not simply evaluate bis “friends and family” but would evaluate the specific person or 
business that intended to guarantee the loan. 

3, B Name lending is a qualitative technique that is sometimes used to take the place of financial 

analysis. It is a technique used to evaluate the borrowers willingness to repay a financial 
obligation, 

4, B Current measures used to evaluate credit risk include the firms probability of default, which 

is the likelihood that a borrower will default; the loss given default, which represents the 
likely percentage loss if the borrower does default; the exposure at default; and the expected 
loss, which is, for a given time horizon, calculated as the product of the PD, LGD, and EAD, 
The stated 75% loss if the borrower defaults is the loss given default or LGD, 

5, A Bank of the Plain States is insolvent because capital is wiped out. However, the bank has not 

failed because it is still operating with liquidity from the correspondent bank and the Federal 
Reserve. Therefore, the bank is insolvent but not failed. 
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learning objectives set forth by GARP®. This topic is also covered im 

The Credit Analyst 



Topic 19 

Exam Focus 

This topic focuses on the role and tasks performed by a banking credit analyst. For rhe exam, 
understand the objectives of the analyst (e.g., risk management, investment selection) as well 
as the difference between primary and secondary research. In addition, know the quantitative 
and qualitative skills that an analyst must possess in order to be successful. Finally, be able to 
recognize and describe the key information sources used by credit analysts such as the annual 
report, auditors report, and company financial statements. 



Credit Analyst Roles 



LG 19.1: Describe, compare and contrast various credit analyst roles. 



There are several methods to describe, compare, and contrast the various credit analyst 

roles, including: 

* Job descriptions (e.g., consumer credit analyst, credit modeling analyst, corporate credit 
analyst, counterparty credit analyst, credit analysts at rating agencies, sell-side/buy-side 
fixed-income analysts, bank examiners and supervisors). 

* Functional objective (e.g., risk management vs. investment selection, primary vs. 
secondary research). 

* Type of entity analyzed (e.g., consumer, corporate, financial institution, sovereign/ 
municipal) . 

* Classification by employer (e.g., banks and other financial institutions, institutional 
investors, raring agencies, government agencies). 

Job Description 

Brief descriptions of typical analyst roles provide a general understanding and an 

appreciation for the wide range of available roles. 

Consumer Credit Analyst 

* An administrative role with little opportunity for derailed analysis, data entry duties for 
loans that are then scored electronically (Le., the relative score will determine status as 
approved or declined). 

* Primarily works with individual consumer mortgages, with a key objective that all 
documentation is in place for approved loans. 

* Large dollar loans referred by analyst to more senior personnel. 
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Credit Modeling Analyst 

* A more quantitative role focused on the electronic scoring system described previously; 
some interaction with risk management personnel. 

* Developing, testing, implementing, and updating various consumer credit scoring 
systems. 

Corporate Credit Analyst 

* Scope of analysis is limited to corporations (i.e., no financial institutions or sovereign 
credits). 

* Some duties developing credit risk models may be required. 

Counterparty Credit Analyst 

* Analyzes typical counterparties (he.* banks, nonbanks — brokers, insurance companies, 
hedge funds); usually employed by a financial institution to analyze other institutions 
with which it contemplates a two-way transaction, 

* Performs credit reviews, approves limits, and develops/updates credit policies and 
procedures. 

* Review process is often detailed requiring the following: (1) capital structure 
analysis (i.e., debt, equity), (2) financial statement analysis, (3) qualitative analysis of 
counterparty, and (4) qualitative analysis of the operating sector of counterparty. 

* Finally, an internal rating is assigned and the analyst may also be required to comment 
on any of the following: (1) recommended limits to set on certain credit risk exposures, 
(2) approval or denial of a given credit application, and (3) recommended changes to the 
amounts, tenor, collateral, or other provisions of the transaction. 

Credit Analysts at Rating Agencies 

* Provide unbiased external ratings on bonds and other debt instruments issued by 
financial institutions, corporations, and governments, 

Sell-Side and Buy-Side Fixed-Income Analysts 

* Employed by financial institutions or hedge funds. 

* In addition to credit risk, there is a focus on the relative value of debt instruments and 
their attractiveness as investments. 

Bank Examiners and Supervisors 

* Assessing the financial stabili ty of financial institutions within a supervisory (risk 
management) role. 

Functional Objective 

Most credit analysts are employed to evaluate credit risk as parr of an entity s overall risk 
management function. At the same time, others are employed for security selection and 
investment opportunity purposes. In terms of the amount and nature of work performed 
by analysts, there is a distinction between performing primary research versus secondary 
research. 
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Risk Management 



Credit risk management is the most common functional objective, and it occurs in both 
the private and public sector. Credit risk analysts in the public sector will perform research 
on potential counterparties. The output of the research typically consists of internal use 
credit reports on the counterparties as well as recommendations as to which deals to accept 
and the appropriate risk limits. Rank examiners operate in the public sector in a regulatory 
capacity by reviewing the credit risk of certain financial institutions. Within that role, two 
key risk management objectives for the financial system are to ensure it is robust and to 
promote depth and liquidity. 

Investment Selection 

Investment selection is a much less common functional objective. Generally, credit analysts 
examine fixed-income securities with a focus on the risk of default. Specifically, an analyst 
must assess the likelihood of a given investment deteriorating in credit quality, thereby 
increasing credit risk and resulting in a decline in value. Additionally, a fixed-income 
analyst must also focus on the relative value of the investment. Relative value refers to the 
attractiveness of a given debt security compared to similar securities (e.g., other debt issues 
with the same asset class or same rating). 

Rating Agency 

The work of rating agency analysts is used for both risk management and investment 
selection purposes. The analysts examine issuers, counterparties, and debt in generally the 
same manner as credit risk analysts in the public sector. 

Primary Research 

Primary research refers to analyst-driven credit research or fundamental credit analysis. 

This is usually detailed (and often time-consuming) research with human effort that is 
both quantitative and qualitative in nature. The analysis looks at microeconomic factors 
(specific to the entity) and macroeconomic factors (e.g., political, industry). Rating agency 
analysts provide value by performing detailed credit analysis and arriving at independent 
conclusions, all of which is subsequently relied upon by other analysts. One of the 
disadvantages of primary research is its high cost; as a result, some financial institutions have 
an automated credit scoring system for simpler and less expensive transactions. 

Secondary Research 

It is often difficult for the credit analyst to perform detailed first-hand analysis (e.g., in- 
person visits), especially if the counterparty is very large or is located in a foreign country. 

An alternative is to perform secondary research, which involves researching the ratings 
provided by other rating agency analysts. Such information is combined with other relevant 
information sources, current information about the counterparty, and the analysts own 
research, to conclude the counterparty's credit risk assessment. Given the reliance on other 
research, secondary research reports tend to be much shorter than primary research reports. 
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The goal of using secondary research is for a financial institution to perform counterparty 
credit analysis in a quick and efficient manner while maintaining reliability. 

Type of Entity Analyzed 



Corporate Credit Analyst 

This role focuses on analyzing firms that are not financial institutions, notable examples 
being manufacturing firms or service providers. The purpose of the analysis is to assess 
the level of the firms credit risk. That assessment is then used in deciding whether or not 
an entity would conduct business with, lend money to, or purchase securities of the other 
firm. In general, such analysis is very specialized based on the industry as well as focused on 
specific transactions. 

Although the basic analytical principles are the same, there is huge diversity in the sectors, 
products, size, and geographic locations of the firms being analyzed. As a result, the 
corporate credit analyst must possess specific industry knowledge in order to be effective. 

An analyst will generally focus on only one or two industries, especially among fixed-income 
and rating agency analysts (given their need to perform detailed primary research). 

Common sectors analyzed include die following: (1) real estate, (2) chemicals, (3) energy, 

(4) utilities, (5) telecommunications, (6) natural resources, (7) paper and forest products, 
and (8) automotive. 

Another point of consideration is the size of the firm being analyzed. With a large public 
company, there may be a lot of public information available that would only necessitate 
secondary research, thereby reducing costs. With a smaller private company, less 
information is likely available, and as a result, more due diligence and primary research 
would be required, thereby increasing costs. 

Finally, cash flow analysis is key to assessing corporate credit risk, so corporate analysts must 
also be equipped with strong accounting and financial statement analysis skills. 

Bank and Financial Institution Credit Analyst 

Counterparty credit analysts are employed by banks and other financial institutions and 
focus on analyzing the creditworthiness of other banks and other financial institutions. 
Compared to corporate credit analysis, the objective is not to make a lending decision but 
to determine whether the entity being analyzed is sufficiently creditworthy to function 
as a counterparty in future two-way transactions, with the entity requesting the analysis. 
Counterparty analysts could also establish exposure limits or decide whether to transact 
with the potential counterparty. 

Both the nature of the financial instrument(s) and the length of rime (tenor) of proposed 
contracts have a direct impact on the potential losses, and, as a result, have a direct 
impact on the type of analysis to be performed. Common financial instruments involved 
in counterparty transactions include (!) unsecured debt through the interbank market, 

(2) repurchase (repo) or reverse repurchase (reverse repo) transactions, (3) receivables 
factoring, (4) foreign exchange, and (5) derivatives. 



Page 30 



©2014 Kaplan, Inc. 



Topic 19 

Cross Reference to GARP Assigned Reading — Golin and Delhaise, Chapter 2 



Sovereign/Municipal Credit Analyst 

Sovereign credit analysts determine the risk of default by foreign governments on borrowed 
funds. Primarily sovereign credit analysts need to consider macroeconomic indicators 
in determining a governments ability to repay its debts. Additionally, political risk is an 
important consideration; the analyst attempts to gauge political stability and its impact 
on the ability to repay. Sovereign credit analysts examine the risks involved with specific 
international transactions or transactions with specific countries, provinces, states, or cities. 

The stability of a given country's banking system strongly correlates with the ability of a 
country's government to repay foreign debt. The correlation also means that a governments 
financial stability impacts its banking system. Therefore, when analyzing the credit risk 
of foreign banks, analysts must place a lot of emphasis on sovereign risk. The obvious 
component of sovereign risk would include an analysis of the foreign country's debt-issuing 
ability in addition to the securities already issued. Another component would include 
an analysis of the impact of the country s general operating environment on its banking 
environment. 

Classification by Employer 



Banks > Nonbank Financial Institutions , and Institutional Investors 

Credit analysts are most frequently employed by banks. Amongst all three groups, credit 
analysts usually function either within a risk management or an investment selection role. 

Rating Agencies 

Credit analysts employed by rating agencies analyze banks, corporations, and governments 
to determine their creditworthiness. Analysis includes the following steps: 

Step 1: A general analysis of the credit risk of the entity 

Step 2; An analysis of issued securities and their impact on credit risk. 

Step 3: An overall rating recommendation for the entity (communicated through rating 
symbols that are widely recognized and understood). 

The information provided by the rating agencies is used by investors and risk personnel in 
making decisions regarding lending amounts, lending rates, and investment amounts. 

Government Agencies 

A typical role is a regulatory one, whereby the credit analyst analyzes a bank or insurance 
company ro determine its level of risk, financial stability and whether it meets the 
regulatory requirements to continue operating. A lesser- known role is when the 
government acts as an investor or lender, whereby the credit analyst has similar functions 
(i.e., investment selection or a risk management focus) to its counterparts in other 
organizations. 
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Rating Advisor 

This is a unique role most frequently found in investment banks. The rating advisor has 
likely been a raring agency analyst and is now working to help a debt issuer obtain the 
highest rating possible. The rating advisor would perform an independent credit analysis of 
the issuer to arrive at a likely rating. The advisor would then provide advice to the issuer on 
how to mitigate any issues and respond to rating agency questions. 



Banking Credit Analyst Tasks 



LO 19,2: Describe common tasks performed by a banking credit analyst. 



There are three main types of banking credit analysts: (1) counterparty credit analyst* 

(2) fixed-income analyst, and (3) equity analyst. Common tasks for each type of analyst are 
described in the following. 

Counterparty credit analysts perform risk evaluations (reports) for a given entity. The 
triggering event to perform such evaluations may be an annual review of the entity or an 
intent to engage in an upcoming transaction with that entity. The casks might be limited 
to simply covering certain counterparties or even only certain transactions or might be 
expanded to include decision making, recommendations on credit limits, and presenting to 
the credit committee. 

Should the duties extend into the decision-making process, responsibilities would 
include the following: (1) authorizing the allocation of credit limits, (2) approving credit 
risk mitigants (i,e,, guarantees, collateral), (3) approving excesses or exceptions over 
established credit limits, and (4) liaising with the legal department regarding transaction 
documentation. 

Some analysts may be required to review and propose amendments to the banks existing 
credit policies. With the implementation of the extensive regulatory requirements of Basel II 
and Basel III, credit analysts are now responsible for a wider range of regulatory compliance 
tasks. 

Finally, counterparty credit analysts must understand the risks inherent with specific 
financial products and transactions. Therefore, it is necessary to obtain knowledge of the 
banks products to supplement their credit decisions. 

In an effort to make profits for the entity, fixed-income analysts provide recommendations 
regarding the decision to buy, sell, or hold debt securities. Therefore, they must ascertain 
the relative value to determine whether the security is undervalued, overvalued, or correctly 
valued. Both fundamental and technical analyses are generally performed in arriving at 
investment decisions. Fundamental analysis focuses on default risk while technical analysis 
focuses on market timing and pricing patterns. In making an investment decision, fixed- 
income analysts consider the ratings for specific debt securities issued by the rating agencies. 
The ratings provide reliable input in computing the relative value of securities. 
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Equity analysts analyze publicly traded financial institutions to help in determining whether 
an investor should buy sell, or hold the shares of a given financial institution. When 
performing valuations, there is an emphasis on using return on equity (ROE)* ROE takes 
into account both profitability and leverage* Other types of analysts would look at a wider 
range of financial ratios dealing with a banks asset quality capital strength, and liquidity 
Equity analysts usually perform company valuations based on unaudited projections (while 
other analysts usually use audited historical data). Similar to fixed-income analysts, there are 
two general approaches to equity analysis. Analysts could choose to perform fundamental 
analysis, technical analysis, or a combination of the two. 



Banking Credit Analyst Skills 



LO 193: Describe the quantitative, qualitative, and research skills a banking credit 
analyst is expected to have* 



Quantitative skills are necessary to assist in determining the ability of the entity to repay 
debt* A banking credit analyst must be able to read and interpret financial statements in 
order to perform a wide range of ratio analysis. The ratios to be analyzed depend on which 
measures of financial performance are relevant (i.e*, liquidity, solvency, profitability). 

For example, return on equity (ROE) is a commonly used measure because it considers 
efficiency and leverage in addition to profitability. Because of the standardized nature of 
financial performance measures, peer analysis (i.e., comparison with similar banks and 
financial institutions) is possible and can be used to compare financial results* 

Analysts must also understand statistical concepts (e.g., sampling, confidence intervals, 
correlation) in order to properly interpret data to arrive at reasonable conclusions under 
uncertainty. An example of a statistical analytical tool would be trend analysis (comparison 
of current year performance to past performance). The ability to analyze asset quality is 
also important. For example, a banking credit analyst could quantitatively assess a banks 
loan portfolio by computing nonperforming loan ratios* Finally, analysts should have an 
understanding of monetary policy and an ability to compute and interpret macroeconomic 
data (e.g*, GDP growth rates) , both of which impact the general banking industry. 

Qualitative skills are necessary to assist in determining the willingness of the entity to repay 
debt (e*g., reputation, repayment track record). It is critical for analysts to think beyond 
numbers and apply considerable judgment, reasoning, and experience in determining which 
factors are relevant for making decisions (e*g,, management competence, banks credit 
culture, and the robustness of credit review process). 

The ability to analyze the quality, reliability, and consistency of reported earnings is also 
necessary. In addition, an understanding of the regulatory environment of banks and the 
impact (s) of any regulatory changes is important (e.g,, central bank given more authority to 
regulate banks). 

An analyst should have basic research skills in order to analyze an unfamiliar banking 
sector. Some preliminary research on overall sector structure, sector characteristics, and 
nature of regulation should be performed first. Then a reasonably detailed review of the 
largest banks followed by smaller banks may be performed. Examining larger banks first 
provides a basis of comparison when subsequently looking at smaller banks. After gaining a 
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thorough understanding of the banking sector, a bigger-picture perspective might be taken. 
For example, an analyst might try to research the country's entire banking sector, making 
note of the dominant entities and their impact on the sector. 

A rating agency analyst would most frequently utilize primary research skills while a 
counterparty credit analyst would most frequently utilize secondary research skills. 

Primary research skills include detailed analysis of (audited) financial statements for several 
years together with annual reports and recent interim financial statements. In addition, the 
rating analyst would usually need to make one or more due diligence visits to the bank to 
meet with senior management to discuss operational and business strategy. In addition to 
the visit, a questionnaire may also be provided to management to complete and return to 
the analyst. 

Secondary research skills involve using the research published by others (e.g., rating 
agencies). The counterparty credit analyst would not make frequent visits to banks. Any site 
visits would tend to be brief and focused on very specific areas. 

Information Sources 



LO 19.4: Assess the quality of various sources of information used by a credit 
analyst. 



Annual Report 

Although there is likely bias on the parr of management to present the entity in the most 
favorable way, the annual report does contain some useful information about culture, 
strategy, company performance, and economic outlook in the Management Discussion 
and Analysis (MD&A). Other information pertaining to regulation, such as changes to 
accounting or banking rules, may also be present in the annual report. 

Auditors Report 

The auditor of a banks financial statements is usually a major international accounting 
firm, and the staff on the audit engagement would possess specialized knowledge of the 
accounting rules pertaining to banks in order to successfully audit the bank in question. 

The auditor provides an independent opinion on the banks financial statements. If an 
unqualified opinion (or clean opinion) is provided, then it means that the auditor accepts 
the financial statements prepared by management as meeting the minimum standards of 
presentation (he., no material misstatements). The opinion assumes that management has 
provided the auditors with accurate information. Because of the cost-benefit tradeoff of 
analyzing every single item, auditors utilize a sampling approach and/or focus on high-risk 
areas during the testing phase. As a result, the financial statements may not be perfect or 
100% accurate, but they present a reasonable indication of the financial performance for the 
stated period (income statement) and financial condition at a given point in time (balance 
sheet). In addition, it is not the auditors responsibility to detect fraud committed by the 
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audited bank. It is up to the analyst to verify that an unqualified opinion has been issued 
and to watch for any exceptions from the standard wording of an unqualified opinion. 

Analysts should be cautious when a qualified opinion is issued. With a qualified opinion, 
the auditors are saying that the financial statements might not fairly represent the company’s 
financial performance and condition. The wording will be clear in the final paragraph of 
the report, with the existence of the word except . Common reasons for a qualified opinion 
include (!) substantial doubt as to the banks ability to continue as a going concern, (2) 
a specific accounting treatment used by management is inconsistent with accounting 
rules, and (3) significant amounts of related-party transactions. It is up to the analyst to 
investigate and determine the exact nature of the qualification, its severity, and its impact on 
the analysts overall assessment. 

Rarely will the auditors issue an adverse opinion where they state that the financial 
statements do not fairly present the banks financial performance and condition. 

Sometimes there will be a change in auditors, and it is up to the analyst to inquire and 
determine if the change was valid. For example, sometimes management will dismiss its 
auditors because of a disagreement over one or more accounting treatments or the auditors 
unwillingness to provide an unqualified opinion. The analyst should generally look upon 
those situations unfavorably. Alternatively it is sometimes mandatory in some countries 
for a change in auditors every few years because they may have developed a comfortable 
relationship with the audited entity, preventing them from demonstrating independence 
and objectivity. In such a situation, the change in auditors is valid. 

Financial Statements — Annual and Interim 

The financial statements generally consist of the (1) balance sheet* (2) income statement* 
and (3) statement of cash flows. The balance sheet documents the net worth of the bank at 
a given point in time (e.g., year-end), and the income statement provides a quantification 
of performance over the period (e.g., net income for the year). The statement of cash flows 
is very useful for analyzing nonfinancial entities but not useful for bank credit analysis. An 
additional item, the statement of changes in capital funds, is useful for bank credit analysis 
(and regulatory purposes) because it explains changes in capital levels. 

Supplementary footnotes to the financial statements may be included that provide more 
detail on specific items (e.g., off-balance sheet items such as leases and accounting policies). 

Interim financial statements may be issued quarterly or semiannually and they provide 
more timely financial information that would be useful to an analyst in making a current 
assessment of the bank. 

Banks Website 

On the banks website, the analyst is often able to find valuable information such as the 
annual report, financial statements, press releases, and background information. The 
quality, layout* and ease of accessibility of the website itself are often good indications of the 
stability of the bank. 
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News) the Internet, Securities Pricing Data 

The analyst should check for any significant subsequent events (e,g,, mergers, acquisitions, 
or new regulations) occurring after the corporate year-end that might not be covered in the 
annual report. 

Proprietary electronic data services such as Bloomberg or a simple web search may provide 
necessary data on current bond and equity prices (especially for public listings or debt 
offerings). 

Prospectuses and Regulatory Filings 

Prospectuses and regulatory filings tend to minimize the discussion of the benefits of the 
investment and emphasize more of the potential risks so they could provide some useful 
information. Notably, prospectuses for equity and international debt issues may provide an 
effective resource. 

Rating Agency Reports and Other Third-Party Research 

As stated previously counterparty credit analysts will find the rating agency reports most 
useful for their analysis. Other third party research includes investment reports from 
regulatory agencies and equity analysts. 
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Key Concepts 



LO 19 J 

Common credit analyst roles include consumer credit, credit modeling, corporate credit, 
counterparty credit, rating agency, fixed income, and bank examiner/ supervisor The roles 
are generally risk management in nature, although the fixed-income credit analyst focuses 
on investment selection. Primary and/or secondary research methods may be applied, and 
analysts could be analyzing nonfinancial entities, financial institutions, or sovereigns. Credit 
analysts are generally employed by banks, nonbank financial institutions, institutional 
investors, rating agencies, or government agencies. 



LO 19.2 

A counterparty credit analyst may perform risk evaluations of a given entity on a 
transaction-by- transact ion basis or through an annual review. At rimes, the duties may 
extend into decision making (e,g,, authorizing credit limits, suggesting guarantees and 
collateral, authorizing excesses). Additionally, there may be duties related to examining and 
amending the banks existing credit policies and compliance tasks related to Basel II and III. 

Fixed-income and equity analysts provide recommendations whether to buy, sell, or hold 
securities. Both types of analysts use fundamental and/or technical analysis techniques. 
Fixed-income analysts focus on determining relative value while equity analysts focus on 
determining return on equity. 



LO 19.3 

As a fundamental skill, banking credit analysts should be able to read and interpret 
financial statements in order to perform ratio analysis. They should also have a reasonable 
background in statistical concepts, in order to properly process and analyze data, and in 
macroeconomics, in order to understand the given banks performance within the context of 
the overall economic environment. Additionally, significant judgment and skill in choosing 
relevant information to analyze is required in order to capture the important qualitative 
elements of any analysis. 



LO 19.4 

The annual report, auditors report, financial statements (annual and interim), bank’s 
website, internet, rating agency reports, other third-party research, prospectuses, and 
regulatory filings are some of the many available sources of information that may be used by 
a credit analyst. The annual report, together with financial statements, is the usual starting 
point for the analyst. For example, a counterparty credit analyst will rely heavily on rating 
agency reports. 
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Concept Checkers 



1 . Richard Marshall, FRM, is a rating agency analyst who is currently performing 
financial statement analysis on a major bank. Which of the following financial 
statements would be least useful for bank credit analysis? 

A. Balance sheet. 

R, Income statement, 

C, Statement of cash Hows. 

D, Statement of changes in capital funds. 

2. Krista Skujins, FRM, is a bank credit analyst who is examining the financial 
statements of a bank. She notices that there is a paragraph noted in the auditor's 
report that states that although the auditors agreed with virtually all of the banks 
accounting treatments of the financial statement items, the auditors did not agree 
with the banks decision to treat some of the leases as operating leases instead of 
capital leases. Based on that information, which of the following audit report 
opinions has the auditor most likely issued? 

A. Adverse opinion* 

B, Denial of opinion, 

Q Qualified opinion* 

D, Unqualified opinion, 

3. Which of the following statements regarding a banking credit analysts skills is most 
likely correct? 

A, High earnings quality suggests that the bank is profitable, 

B, Peer analysis is facilitated by the standardized nature of financial performance 
measures, 

C, Although qualitative analytical skills are required, quantitative analytical skills 
are more important, 

D, In analyzing an unfamiliar banking sector, an analyst should start by performing 
derailed reviews of the major banks. 

4 . Which of the following types of credit analysts would most likely be performing 
fundamental and/or technical analysis on a day-to-day basis? 

A. Equity analyst only, 

B, Fixed-income analyst only, 

C* Counterparty analyst and equity analyst, 

D, Equity analyst and fixed-income analyst. 

5. Which of the following statements regarding the role of a corporate credit analyst is 
most likely correct? 

A. Earnings analysis is by far the most important analyst task. 

B* The larger the size of the firm, the lower the cost of analysis* 

C Analysts are generally required to cover multiple industry areas given the huge 
diversity among corporations, 

D. The smaller the firm, the lower the cost of analysis. 
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Concept Checker Answers 



1. C Although the statement of cash flows is most useful for analyzing nonfinandal entities (uses 

of cash and sources of cash differentiated between operating, investing, and financing), it is 
not useful for bank credit analysis. 

2. C This situation is one where a specific accounting treatment used by the banks management 

is inconsistent with the accounting rules. It is an isolated instance and so a qualified opinion 
would most likely be issued, 

3. B Peer analysis refers to the comparison (financial and creditworthiness) of a subject bank to 

similar banks and financial institutions. 

High earnings quality does not necessarily mean a bank is profitable. Earnings quality refers 
to the reliability and consistency of the reported earnings. 

Quantitative and qualitative analytical skills are equally important and serve different (but 
related) purposes; qualitative skills are necessary to assist in determining the willingness of an 
entity to repay debt while quantitative skills are necessary to assist in determining the ability 
of an entity to repay debt. 

In analysing an unfamiliar banking sector, the analyst should start with preliminary research 
on the overall structure, characteristics, and nature of regulation. After that, a detailed review 
of the largest (followed by smaller) banks could be performed. 

4. D Both fixed-income analysis and equity analysis can be divided into two broad approaches: 

fundamental and technical analysis. Those approaches are valid because both types of analysts 
have the objective to earn profits for their respective employers and/or clients. In contrast, 
counterparty credit analysts are not likely to use either approach and are more focused on 
performing risk evaluations and possibly making some decisions on granting credit. 

5. B With a large public company, there may be a lot of publicly available information that would 

only necessitate secondary research, thereby reducing costs. With a smaller private company, 
less information is likely available, and, as a result, more due diligence and primary research 
would be required, thereby increasing costs. 

Although the basic analytical principles are the same, there is huge diversity in the business 
sectors, products, size, and geographic locations of the firms being analyzed. As a result, the 
corporate credit analyst must possess specific industry knowledge in order to be effective. An 
analyst will most likely focus on only one or two industry areas. 

Corporate credit analysts specifically analyze firms that are NOT financial institutions. 

Cash flow analysis, not earnings analysis, is key to assessing corporate credit risk. 
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The following is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by CARP®. This topic is also covered in: 



Default Risk: Quantitative 
Methodologies 



Topic 20 

Exam Focus 

In this topic, we will discuss methods for computing default risk. The Merton model 
estimates the value of the bondholder and stockholder claims, which are then used to 
calculate the implied probability of default. However, this model requires many unrealistic 
assumptions. Moody s KMV model relaxes some of these assumptions. Other methods 
used to predict default are credit scoring models, including parametric methods and 
nonparametric methods. Note that the Merton model and the KMV model will be discussed 
in greater detail in the next topic (Topic 21). For the exam, understand how the KMV 
model calculates probability of default and have a general understanding of the credit scoring 
models discussed. 



The Merton Model 



LO 20,1: Describe the Merton model for corporate security pricing, including its 
assumptions, strengths and weaknesses: 

* Illustrate and interpret security-holder payoffs based on the Merton model, 

* Using the Merton model, calculate the value of a firm’s debt and equity and the 
volatility of firm value, 

* Describe the results and practical implications of empirical studies that use the 
Merton model to value debt. 



O Professors Note: The last two bullet points from LO 20 . / will be addressed in 
Topic 21. 



Structural models of credit risk estimate default risk as a function of the value of the firm. 
Given the value of the firm, the value of debt and equity can be determined. Structural 
models in this context are also called value-based models. 

The Merton model is considered a value-based model, where the value of the firms 
outstanding debt ( D ) and equity (E) are equal to the value of the firm (V). Given an 
estimate of any two of the three values (V, E , or D), we know the value of the third 
component. For example, given the fundamental value of the firm and the observed value 
of the stock, an analyst can determine the value of the bonds: D = V - E, Also, given V 
and other information, D and E can be determined. The value of the debt can serve as an 
indicator of the firm s default risk . 

Since E and D are contingent claims, option pricing can be used to determine their values. 
The Merton model assumes that the debt consists of a single zero-coupon bond issue that 
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matures at time M at face value D M > At the maturity of the debt, if the value of the firms 
assets is less than the value of the debt, then the firm must default. The debtholders get 
the value of the firm, and they either break even or take a loss, while the equity holders get 
nothing. The payoffs at maturity are as follows: 

payment to debtholders = D M - max(D M — V M , 0) 

payment to stockholders = max(V M - D M , 0) 



The Merton model assumes that V follows a certain distribution over time, such that the 
value of the stockholders claim can be determined by the Rlack-Scholes-Merton option 
pricing model. This is because the payment to the stockholders at maturity is like the payoff 
of a long position in a call option. The payoff of a call option is denoted with the following 
expression: max(price of stock — exercise price, 0) . The debtholders’ payoff resembles that of 
a short put and risk-free bond. 

The relationship of the Merton model to the Black-Scholes-Merton model requires some 
other strong assumptions (e.g., the bondholders cannot force bankruptcy prior to maturity; 
the value of the firm, V, is observable and follows the assumed time-series process; etc,). 

If we can assume the Merton model is valid and that the assumptions hold, we can use 
the previous equations to compute the payoffs. For example, we will assume the bonds 
have a maturity, or face value, of $80. If we consider a case where the value of the firm is 
$200 when the bonds mature, then the payoff to stockholders is $120, and the payoff to 
bondholders is $80. In another case, if the value of the firm is $70, then the debtholders get 
$70, and the stockholders get $0, These results require the assumption that no adjustment 
for liquidity is needed. 

Diagrams of the payoffs resemble those of option payoffs. Figure 1 shows that the payoff to 
bondholders ( D } increases one-for-one with the value of the firm ( V) ? D = V, until V > D M> 
when the maximum payoff to the bondholders (Z)^) is reached. The payoff to shareholders 
(5) begins at the point where V = D M and increases dollar- for-dollar with the firm value for 
firm values above It can be viewed as a call option on firm value with an exercise price 
of D m , the maturity value of the debt. 

Figure 1 : Payoff to Bondholders and Shareholders at Maturity 

Payoff to bondholders Payoff to shareholders 
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The strengths of the Merton model are its simplicity when pricing corporate debt, as well 
as its intuitive nature. The weaknesses are the number of assumptions required, as well as 
some practicality issues. For example, the absence of marked to market debt values makes it 
difficult to accurately value the firm. In addition, it can also be difficult to find an accurate 
estimate of asset volatility. 

The KMV Approach 



Ranks use the Merton and the KMV approach to determine default rates. Default rate 
information is necessary to determine the required capital needed to cover losses. The 
following is a discussion of the sources of error in the determination of default rates using 
these methods. 

The Merton model uses market data such as stock value and capital structure to predict 
rates of default. The Merton model relies on a list of unrealistic assumptions: 

1 . There is only one issue of equity and debt, and the debt is in the form of a zero-coupon 
bond that matures at a given date. 

2. Default can only occur at the maturity date. 

3. The value of the firm is observable and follows a lognormal diffusion process (geometric 
Brownian motion). 

4. The risk-free interest rate is constant through time. 

5. There is no negotiation between equity and bondholders. 

6. There is no need to adjust for liquidity. 

The KMV model is built on the Merton model and tries to adjust for some of the 
shortcomings, most notably (1) that all the debt matures at the same time and (2) that the 
value of the firm follows a lognormal diffusion process. 

The KMV model assumes that there are only two debt issues; the first matures before the 
chosen horizon, and the other matures after that horizon. The maturity value, or default 
threshold, is a linear combination of the values. The default threshold (a.k.a. the default 
point) is in essence the par value of the firms liabilities (or debt). In other words, the default 
threshold is a combination of short-term and long-term liabilities. 

A practical rule for determining the default point (he., default threshold) is: 

short-term liabilities + 0.5 x long-term liabilities. 

This equation is applicable when the ratio of long-term-liabilities-to -short-term-liabilities 
is less than 1.5- If this ratio is greater than 1.5, the default point would be determined as 
follows: 



short-term liabilities + 



0.7- 



0.3 x short-term liabilities 



long-term liabilites 



X long-term liabilites 



Page 42 



©2014 Kaplan, Inc. 



Topic 20 

Cross Reference to GARP Assigned Reading - de Servigny & Renault, Chapter 3 



Before we can calculate the probability of default using the KM V model, we must derive the 
distance to default (DD). The DD considers the distribution of the firm's asset returns and 
calculates the number of standard deviations between the mean of the asset distribution and 
the default threshold* In equation form: 

_ _ expected asset value — default threshold 
DD = — 

^expected asset value 




Professor's Note: On previous FRM exams, the distance to default has been 
calculated using the following expression: (asset value — liability value) / 
(standard deviation of asset value in dollar terms). 



Once the distance to default is computed, the expected default frequency (a.k.a. the 
probability of default) can be found* We will soon see how the expected default frequency 
figure is mapped onto a credit rating system to identify the rating of a particular firm. 



Figure 2: Distance to Default 



Asset Value 
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Since asset prices are lognormally distributed, the DD is more precisely calculated using the 
following formula at time horizon T : 



log(V) — log(default threshold) - 



DD — 



E(ROA) - — L 
2 



x maturity 



u v x ^maturity 



where: 

E(ROA)= expected return on assets 

V = value of the firm assets 

cr v — standard deviation of firm assets 



Professor's Note: u log(V) - log(de fault threshold)" in the equation above can 
also be written as "log(V / default threshold). ” Also t recall that the value of the 
firm (Le>, value of assets) is made up of both debt and equity . Therefore , like 
the Merton model, one of the main drivers of the KMV model is equity prices 
( i. e. , stock prices ). 

This equation will also be seen in Topic 21 when we examine the probability of default 
using the Merton model. The difference, however, between Merton and KMV is how 
this equation is utilized* As you will see in the next topic, the Merton model computes 
the cumulative normal distribution for the negative value of the previous DD expression. 
For example, if the expression equals 1,96, the Merton model would say that there is 
N (— 1 *96) = 0.025 or 2,5% probability of default. Note that this value is found by using the 
cumulative normal distribution table (i,e„ cumulative z- table) in the appendix of this book. 

The KMV model on the other hand, uses the same distance to default value (e.g., 1.96) and 
assesses the number of defaults at a later date (e,g„ 1 year) associated with the computed 
DD value. The number of defaults from a given sample of firms is then used to compute 
the expected default frequency (EDF), Again, EDF in the KMV model is also known 
as the probability of default. The EDF will be associated with a particular credit rating 
(e.g,, BBB). The following example will help illustrate the calculation of expected default 
frequency. 



Example: Expected default frequency 

Assume the expected asset value in one year from the asset value distribution is $800, and 
the default threshold is found to be $500. Calculate the distance to default if the annual 
asset standard deviation is 100. 
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Answer: 



Dd = 80O-5O0 ^ 
100 



To compute EDF, assume that 2,000 firms last year had a DD of 3, and 15 of these firms 
defaulted after one yean The expected default frequency = 15/2,000 = 0.75%. This value 
is associated with the EDF of the firm since this firm also has a DD of 3. An implied 
credit rating is then assigned based on this EDF %^alue. For example, a low EDF, such as 
0.75%, would be assigned an AA- rating. 



The calculation of EDF is a valuable leading indicator of default and oftentimes predicts 
default months in advance. A sharp increase in the slope of the expected default frequency is 
a good indicator that a credit rating downgrade is likely to occur in the near future. 

Credit Scoring Models 



LQ 20.2: Describe key qualities of credit scoring models. 



Credit scoring models assign a numerical value to a firm, which indicates whether a firm is 
likely to default or not. Their main function is to assess the creditworthiness of small and 
private firms. For example, credit scores enable small businesses to gain approval for loans in 
a shorter amount of time. Features of optimal credit scoring models include the following: 

* Accuracy - produces a low volume of errors, 

* Parsimony - uses a limited number of independent variables. 

* Non-triviality - produces appealing outcomes. 

* Feasibility - uses accessible resources in a reasonable amount of time. 

* Transparency and I nterp stability - data is easy to find and interpret. 



LO 20.3: Compare the following quantitative methodologies for credit analysis and 
scoring: linear discriminant analysis, parametric discrimination, K nearest neighbor 
approach, and support vector machines. 



Fisher linear discriminant analysis. A process that segregates a larger group into 
homogeneous subgroups. The larger group could be potential borrowers, for example, and 
the subgroups could be good and bad borrowers. An example of linear discriminant analysis 
is Altman s Z score. 

Parametric discrimination. A particular approach to discriminant analysis that uses a 
score function to determine the members of the subgroups. Examples of parametric 
discrimination are logit and probit models. Parametric discriminant analysis determines 
a score using a regression, logit, or other statistical technique. Whether the value of the 
score falls above or below a certain threshold determines which subgroup the observation is 
placed in (e.g., whether a firm is categorized into a likely- to- or notriikely-to-default group). 
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^■'■■->3^ Professor's Note: Logit models are based on linear probability models , which 
restrict the range of the default probability to be between 0 and 1. 

K-nearest neighbor, A noitparametric discriminant technique that uses the properties of 
firms that have already fallen into the categories of interest (e.g., default or not default) and 
categorizes a new entrant by how closely it resembles the members already in each of the 
groups. 

Support vector machines. A method that uses the characteristics of observations (firms) to 
create an equation that does the best job of dividing the larger group into two subgroups. 
The groups can be linear and include planes and hyperplanes. They can be nonlinear where 
the separation criteria is a polynomial. 



Decision Rules in Credit Analysis 



LO 20.4s Differentiate between the following decision rules: minimum error, 
minimum risk, Neyman- Pearson and Minimax. 



Decision rules, as used in credit analysis, categorize patterns of descriptive variables, such 
as leverage and earnings measures, that would then place an observation (e.g., a firm) into a 
group (e.g., a high-risk- or a low- risk- of-default group). 

Minimum error is a decision rule that uses Bayes* theorem to determine a probability. 

It forms a conditional probability of a firm being in one group or another given its 
characteristics, denoted C, and the highest conditional probability determines the group 
to which the firm is assigned. The decision basically becomes one where the user would 
compute the probabilities in the following expression: 



p(C given default) x p (default) > or < p(C given not default) x p(not default) 

If the left is greater than the right, then C would indicate that the firm should be in the 
likely-to-default group. If the inequality is reversed, then the characteristics would indicate 
that the firm should be in the not-Iikely-to-default group. 

Minimum risk refers to a class of rules that try to either minimize the probability of 
misdassificatton {incorrectly lending to risky firm) or minimize the loss associated with that 
error. 

Neyman- Pearson is a decision rule that uses the statistical concept of Type I and Type 
II errors. A Type I error is lending to a risky firm because it was incorrectly accepted as a 
non- risky firm. A Type II error is not lending to a non-risky firm because it was incorrectly 
rejected as being risky. The procedure first requires that the user select a fixed value for 
the probability of a Type II error and places it in a Lagrangian multiplier equation that 
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determines a threshold value. For any given set of firm “characteristics,” the decision is to 
not extend a loan to the firm if the following holds: 



p( M conditions M given default) 
p ('conditions” not given default) 



> threshold value 



Minimax is a decision rule of minimizing the maximum error or risk. Using Type 1 and 
Type II errors as examples, the goal is to minimize the maximum of the two. In a case such 
as this where there are only two types of errors, the minimum is obtained by determining a 
set of criteria where the cutoff makes the probability of the two types of errors equal to each 
other. 



In summary, the minimum error rule makes a decision based on calculated probabilities. 
The other three methods use optimization techniques to determine a classification system 
that reduces the probability of error and/or loss. 



Measures of Performance 



LO 20.5: Identify the problems and tradeoffs between classification and prediction 
models of performance, 

LO 20,6: Describe important factors in the choice of a particular class of model. 



The receiver operating characteristic (ROC) evaluates a credit decision rule by computing 
( 1) the proportion of correctly predicted defaults and (2) the proportion of firms that were 
predicted to default and did not: 

j number of defaults correctly predicted 

number of defaults 

2 ^ _ number of firms predicted to default and did not 

number of firms that did not default 

The Y and X symbols have been applied to indicate how the results would appear on a two- 
dimensional graph. The graphical representation would have a maximum value of unity 
(i.e, s 1) for both the X- and Y-axes, The X-axis corresponds to the proportion of incorrectly 
predicted defaults, and the Y-axis corresponds to the proportion of correctly predicted 
defaults. The slope of rhe ray from the origin to the point representing the plot of the two 
values is the performance measure. Ideally, the ray should have an infinite slope; this occurs 
if all defaults were correctly predicted and there were no predictions of default that did 
not occur. If the ray has a 4 5 -degree slope, then there were equal proportions of types of 
mistakes. 

The cumulative accuracy profile, or CAP (also called GINI curve), compares the 
probabilities of default computed by the classification system to the ranking of observed 
defaults. It uses a graphical system similar to that of the ROC. The vertical axis represents 
the fraction of firms that actually defaulted, and the horizontal axis represents the 
probabilities computed by the classification system. The shape of the line on the graph 
indicates the success of the classification system. 
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Both of the measures compare predictions made by a default/ no t-default classification 
system to the realized pattern of defaults. The ROC uses the raw ratios computed from 
correct and incorrect predictions. In contrast, the CAP incorporates the individual value of 
the probability of default of each of the firms in the overall analysis. In both cases, assessing 
the performance involves plotting the results on a graph and interpreting the resulting 
pattern. 

Classification models will suffer from measurement error and statistical sampling error. 

Any probability computed from a sample is a sample estimate of a population parameter, 
so sampling error will always be present. The inputs, such as the financial ratios, might be 
calculated using different methods, which can introduce problems as well. 

In selecting and using the models, two general tradeoffs need to be addressed: performance 
versus complexity and data availability versus data quality. Presumably, a more complex 
model would have a higher level of performance, but the complexity may make it more 
time-consuming and less understandable. Some models require a minimum sample size 
in the estimation, and there may be a tendency to add data points where the information 
quality is low. 

Other factors ro consider when choosing between the models are as follows: 

• How easy the model is to understand. 

• How robust the model is when new data is added into the analysis. 

• The time to calibrate and recalibrate the model. 

For example, a researcher may wish to use an easily understood model, yet she may have to 
choose a model that is very complex and takes a long rime to calibrate because it gives the 
most accurate results. 

It is often recommended that an analysis of creditworthiness employ more than one model 
in order to compare the results. Backtesting and assessment will help in choosing and 
calibrating the appropriate models. 
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Key Concepts 



LO 20 J 

The Merton model uses the Black-Scholos- Merton option pricing model to assess the value 
of a firms stocks and bonds and to compute the probability of default* The Merton model 
has some unrealistic assumptions. 

Security payoffs using the Merton model resemble those of options. For example, the stock 
payoff is like that of a long call, and the bond payoff is like that of a short put and risk-free 
bond. 



LO 20*2 

Credit scoring models assign a numerical value to a firm, which indicates whether a firm is 
likely to default or not. Factors of credit scoring models include; accuracy, parsimony, non- 
triviality, feasibility, transparency, and interpretability. 



LO 20.3 

There are several types of parametric discriminant analysis techniques that compute a score 
based on a scoring model, such as regression or logit model. The score assigned to the 
firm determines its classification. Other methods of classification determine boundaries 
for classification based on the characteristics of the observations. They include k~ nearest 
neighbor and support vector machines. 



LO 20,4 

Decision rules for determining if a firm is a high-risk, likely-to-default firm include 
minimum error, minimum risk, Neyman-Pearson, and minimax. The minimum error 
rule simply computes a pair of probability values for each firm and makes a decision based 
on which probability is the larger of the two. The other three methods use optimization 
techniques to develop criteria with the goal of minimizing the expected number of incorrect 
decisions, losses, or both. 



LO 20.5 

In addition to the usual estimation problems, such as sampling error and measurement 
problems, the use of classification models has other considerations, including robustness 
to new data, ease of interpretation, ease of use, and recalibration. There are also tradeoffs 
between complexity versus performance and data availability versus data quality. 



LO 20.6 

The receiver operating characteristic (ROC) and cumulative accuracy profile (CAP) 
compare predictions made by a default/not-default classification system to realized patterns 
of defaults. The ROC reports a result based on the raw ratios computed from correct and 
incorrect predictions. The CAP compares the pattern of defaults to the distribution of the 
probabilities computed. 
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Concept Checkers 



1 . All of the following are assumptions of the Merton model except; 

A. the risk- free race is perfectly coll inear with the value of the firm. 

B. default can only occur when the bond matures. 

C. bond and stockholders cannot negotiate. 

D. there is no need to adjust for liquidity. 

2. The KMV model; 

A. assigns a probability to a firm to indicate its likelihood of default by using the 
cumulative normal distribution, like the Merton model. 

B. assigns a probability to a firm to indicate its likelihood of default by using the 
cumulative normal distribution, which distinguishes it from the Merton model. 

C. does not use the cumulative normal distribution to assign a probability to a 
firm to indicate its likelihood of default, which distinguishes it from the Merton 
model. 

D. does not use the cumulative normal distribution to assign a probability to a firm 
to indicate its likelihood of default, like the Merton model. 

3. A firms assets are currently valued ar $700 million, its current liabilities are $120 
million, and long-term liabilities are $300 million. The standard deviation of 
expected asset value is $76 million. Assume the firm has no other debt and that the 
ratio of long'term-liabilities-to-short-term-liabilities is less than 1.5. What will be 
the appropriate distance to default measure when utilizing Moody s KMV Credit 
Monitor Model? 

A. 9.21 standard deviations. 

B. 5.66 standard deviations. 

C. 3.68 standard deviations. 

D. 1.87 standard deviations. 

4. Using the properties of firms that have already fallen into default /non-default groups 
to categorize a new observation by how closely it resembles the members already in 
each of the groups is referred to as: 

A. linear discriminant analysis. 

B. the k- nearest neighbor approach. 

C. support vector machines. 

D . No ne of the above . 

5. Which of the following includes models in which the assigned score can be 
interpreted as a probability of default? 

A. Parametric discrimination. 

B. The k-nearest neighbor approach. 

C. Support vector machines. 

D. None of the above. 
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Concept Checker Answers 



1. A The Merton model assumes that the risk-free interest rate is constant through time. 

2. C The Merton model uses the cumulative normal distribution to determine the probability of 

default. The KMV model uses a proprietary algorithm chat is not known to the public, 

3. B The KMV calculation is as follows: 

Distance to default = (asset value - liability value) / standard deviation of asset value 
Liability value = short-term (or current) liabilities + 0.5 x long-term liabilities 
Distance to default = [$700m - ($120m + 0.5 x $300m)] / $76m 
Distance to default - 5.66 standard deviations 

4. B K-nearest neighbor is a non parametric discriminant technique that uses the properties of 

firms that already have fallen into the categories of interest, and it categorizes a new entrant 
by how close it resembles the members already In each of the groups. 

5. A Parametric discrimination is the use of an equation to assign a value to firms, and that 

value would indicate whether it falls into a default or non-default category Included in this 
category of scoring models is the logit model, in which the score can be interpreted as a 
probability 
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The following is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by CARP®. This topic is also covered in: 

Credit Risks and Credit Derivatives 



Topic 2 1 

Exam Focus 

The potential failure of a party to fulfill an agreed-upon payment is an uncertainty for risk 
managers. The pricing of risky debt using the Merton model provides insight into predicting 
the probability of default and the amount of loss should default occur. Additional approaches 
have been developed to evaluate the credit risk of portfolios and provide estimates of a 
portfolios credit value at risk. Credit derivatives provide the risk manager with financial 
instruments that are used to hedge credit risk exposures. This topic presents several models 
for evaluating and measuring credit risk, along with examples of credit derivatives used to 
hedge credit risk exposure. For the exam, be sure to understand the calculation of firm equity 
and debt under the Merton model. 



Credit risk refers to the chance that a party will fail to make promised payments. Risk 
managers assess credit risk and determine its potential impact on income and if it should be 
hedged using derivatives contracts or some other means. 

The rwo important roles that credit risk plays in risk management programs are (1) assessing 
the potential of default by debt claimants and (2) assessing the potential of default by 
counterparties of derivatives contacts. 

Derivative contracts with payoffs dependent on a specified credit event are called credit 
derivatives. Risk managers use credit derivatives to hedge their exposure to credit risk. 

The Merton Model 

The Merton model, based on Black-Scholes- Merton option pricing theory evaluates 
various components of firm value. The simplest form of the model assumes the existence 
of a non-dividend paying firm with only one liability claim and that financial markets are 
perfect. Thar is, the model assumes away raxes, bankruptcy costs, and costs associated with 
enforcing contracts. 

Suppose that the firms only debt issue is a zero-coupon bond with a face value (or principal 
amount) of F \ due at the maturity date of T. If the firm is unable to pay the principal at T \ 
then the firm is bankrupt and the equity claimants receive nothing. Alternatively, if the firm 
value at T, Vp is large enough to pay the principal amount, then equity holders have claim 
to the balance, V T - F. These two payoff possibilities are the same as the payoffs for a call 
option, with the firm value as the underlying asset and the principal amount as the exercise 
price. Therefore, the value of equity ar T is: 

S T - Ma x{V T - E 0) 



Page 52 



©2014 Kaplan, Inc. 



Topic 21 

Cross Reference to GARP Assigned Reading — Stulz, Chapter 1 8 



Example: Computing the value of equity 



Calculate the value of the firms equity at T, S-p given that principal amount due on the 
zero-coupon bond is $50 million and the total value of the firm at T, V T , is $60 million. 
In addition, what is the value of equity if V T is $40 million? 



Answer: 



Sj = Max(60 — 50, 0) = 10 = $10 million 
S T = Max(40 - 50, 0) = 0 = $0 million 



Figure 1 depicts the payoffs at T of the claimholders relative to the total firm value. The 
shape of the payoff for equity is the same as the payoff of a long call option. The payoff 
for debt is similar to that of a risk-free bond and a short position in a put option, but the 
uncertainty of the payoff requires some additional analysis. 



Figure 1 ; Debt and Equity Payoffs When Debt is Risky 

Payoff 

r° 

claimholders 




If the debtholder knew with certainty that he would receive the principal amount at the 
maturity for the zero-coupon bond, then the payoff would be F regardless of the firm value. 
However, the debtholder cannot expect to receive F if the total value of the firm, Vj, is less 
than F , Therefore, if F > V T then the amount received by the debtholder will be reduced by 
F - V T * This payoff is the same as buying a Treasury bill with a face value of F and selling a 
put on the firm value with an exercise price ofi 7 . Therefore, the value of debt at T is: 



D T = F-Max(F-V 7> 0) 
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Example: Computing the value of debt 

Calculate the value of the firms debt at T \ Z)-p given that principal amount due on the 
zero-coupon bond is $50 million and the total value of the firm at T y V Jy is $40 million. 
In addition, what is the value of debt if Vj is $60 million? 

Answer: 

D t = 50 - Max(5G - 40, 0} = 50 - 10 = 40 = $40 million 
D t - 50 - Max(50 - 60, 0) = 50 - 0 = 50 = $50 million 



Since we know that the value of the debt plus the value of equity must be equal to the total 
value of the firm, alternative valuation formulas can be developed. For example, since the 
value of the firm at T is: 



V T = D t + S T then the value of debt at T can also be written as: 
D t = V T - S T and by substitution: 

D t = V T - Max(V r - E 0) 



Therefore, the value of debt is also the difference between the value of the firm and the call 
option on the value of the firm with F as the exercise price. 

The Rlack-Scholes-Merton option-pricing model for European options can be modified to 
determine the value of equity prior to T y T — £, if additional assumptions are made, which 
include: 

* Firm value characterized by a lognormal distribution with constant volatility, a, 

* Constant interest rate, r. 

* Perfect financial market with continuous trading. 
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The Value of Equity at Time t 

Using arbitrage pricing for a portfolio of securities that replicates the value of the firm 
results in Mertons formula for the value of equity such that: 

S t = V x N(d) - Fe“ r(T_t) x N(d - a>/T-t) 



where: 



d = 




V = value of the firm 

F - face value of the firms zero-coupon debt maturing at T (only liability) 
a = volatility of the value of the firm 
r - annual interest rate 

N(d) = cumulative normal distribution function evaluated at d 



Example: Compute the value of equity 

Using the Merton model, calculate the value of the firms equity at t given that the current 
value of the firm is $60 million, the principal amount due in 3 years on the zero-coupon 
bond is $50 million, the annual interest rate, r, is 5%, and the volatility on the firm, a, is 
10 %. 



Answer: 



S t = 60 x N(d) - 50e _005(3) x N(d - WT-t) 



In 



d = 



60 

(50)(0.8607) ; 



+ -(0.10)V3-0 - ln ('- 3942 ) + 1(0,1732) = 2.005 
2 0.1732 2 



( 0.10X/3 — 0 

S, = 60 x N(2.005) - 50 x 0.8607 x N (2.005 - 0. 1 732) 



Professors Note: N(d) can be found in a table of probability values (the 
z- table in the appendix). 



S t = 60 x 0.9775 - 43.035 x 0.9665 = 58-650 — 41.593 = 1 7.057 



Therefore, the value of equity of the firm is $17,057 million. 
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The Value of Debt at Time t 

There are two methods for valuing risky debt in this framework. Risky debt is equal to: 

• Risk-free debt minus a put option on the firm. 

■ Firm value minus equity value. 

Example: Compute the value of debt 

Calculate the current value of the firms debt as a portfolio of risk-free debt and a short 
position in a put on firm value with an exercise price of the face value of debt. Assume 
that the current value of the firm is $60 million, the principal amount due in three years 
on the zero-coupon bond is $50 million, the annual interest rate is 5%, and the volatility 
on the firm, er, is 10%, Recall from the previous example that the value of equity is 
$17,057 million. 

Answer: 

D, - Fe -rtT-,) - p, 

D.-SOx^W-p, 

D t = 50x0.8607 — p t 
D t - 43.035— p t 

Using put-call parity, the value of the put is: 
p t =c t +Fe- r(T ~ t) -V 
p t = c t +43.035-60 

p t = 17.057 + 43.035-60 = 0.092 

D ( = 43.035 - p t = 43.035 - 0.092 = 42.943 
Therefore, rhe value of the debt issue is $42,943 million. 
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Example: Compute the value of debt 

Calculate the currenr value of the firms debt as the difference between the total firm value 
and the value of equity priced as a call option. Assume that the current value of the firm 
is $60 million, the principal amount due in three years on the zero-coupon bond is $50 
million, the annual interest rate is 5%» and the volatility on the firm, a, is 10%. 

Answer: 

D.-V-S, 

D, . 60 - 17.057 . 42.943 
Again, the value of debt is $42,943 million. 



Figure 2 shows the general relationships between debt and equity values according to the 
inputs of the Merton model. 

Figure 2: Relationships Between Debt and Equity Values as Compared to the Inputs of the 
Merton Model 



Value of Firm, V 



Face Value of 
Debt \ F 



Time to 
Maturity, T 



Interest Rate, r 



Volatility of the 
Firm t a 



Value of debt 
Value of equity 



Credit Spreads, Time to Maturity, and Interest Rates 



LO 21.1: Explain the relationship between credit spreads, time to maturity, and 
interest rates. 



A credit spread is the difference between the yield on a risky bond {e.g., corporate bond) 
and the yield on a risk-free bond (e.g., T-bond) given that the two instruments have the 
same maturity. For example, if a corporate bond is yielding 7% and the yield on the T-bond 
with the same maturity is 5%, the credit spread would be equal to 2%. This spread indicates 
that a higher yield is received for taking on increased risk. 
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The credit spread can be calculated using the following formula; 



credit spread — 



1 

<T-C) 




“ R F 



where: 

(T-t) 

D 

F 

Re 



remaining maturity 
current value of debt 
face value of debt 
risk- free rate 



For a given risky bond, the most you can receive is the par value at maturity. However, 
as time increases there is greater probability that the value received will be less than 
par. Studies have shown that as time to maturity increases, credit spreads tend to widen 
(i.e,> increase). This applies to both high-rated and low- rated debt. However, for very 
risky debt, it may be the case that credit spreads narrow since there is a greater chance of 
payment as maturity approaches. 



In addition to time to maturity, interest rates can also impact credit spreads. As the risk-free 
rate increases, the expected value of the firm at maturity increases, which in turn decreases 
the risk of default. A reduction in the risk of default will narrow (i.e,, decrease) credit 
spreads. 



Determining Firm Value and Volatility 

Since there is no single claim for the value of a levered firm, the value of the firm is 
unobservable. Further, it is virtually impossible to directly trade the value of the firm. These 
deficiencies can be solved using the Merton model if we assume that small changes in the 
return on equity are perfectly correlated with the value of the firm, 

A portfolio consisting of a call option on the firm and a risk-free asset is equivalent to 
the value of the firm. Thus, a small change in firm value will change the value of equity 
by delta, A, times the change in firm value. Delta is the rate of change in the value of the 
call option relative to the change in the value of the underlying asset, AS/AV. The Merton 
model delta, A, is equal to N(d). Therefore, if we know the parameters for calculating the 
value of equity as a call and the value of risk- free debt, then we can determine the firms 
value and the volatility of firm value. 



Figure 3: Low Firm Values and High Firm Values Using the Merton Model 





Low Firm Values 


High Firm Values 


Value of firm per share 


2.50 


3.00 


3.60 


25.00 


30.00 


36.00 


Value of equity per share, S ( 


0.1% 


0.306 


0.469 


15.659 


20.164 


25.723 


Change in value of equity if 
value of firm increases by 20% 


— 


56.1% 


53.3% 


— 


28.8% 


27.6% 


Delta 


0.197 


0.245 


0,299 


0.886 


0.914 


0.937 



Although delta is increasing as the value of the firm increases, the change in the value of 
equity decreases as firm value increases. This indicates that the distribution of equity values 
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is not constant (which is sometimes referred to as a volatility smirk). The non-constant 
volatility of equity is a violation of the Black-Scholes-Merton model. 

The Geske compound option model is appropriate for valuing the equity call option 
because it assumes that the value of the firm is characterized by a lognormal distribution 
with a constant variance. 

If we know the value of equity and the value of an option on firm equity, we can use an 
iterative process to solve lor firm value and firm volatility. A value for firm volatility and 
firm value is selected, and a value for equity is estimated using the Black-Scholes-Merton 
model. The same values for firm volatility and firm value are used in the compound option 
model to arrive at a value for the call option on equity. The outputs of the two models are 
then compared to actual values of equity and equity call option. Adjustments are made to 
firm value and firm volatility until the outputs of both models are the same as the actual 
values. 

For example, suppose that the value of the firm is selected to be $25 per share, the volatility, 
o, is 50%, the value of the call option using the compound option model is $6.0349 and 
the value of equity from the Merton model is $15,50. Also suppose the actual call option 
price is $6.72 and the actual equity price is $14.10. 

Since the value of the option of $6.0349 is below $6.72 and the value of equity per share 
is above the observed price per share of $14,10, the firm value is too high and the volatility 
of the firm is too low. To decrease the value of equity from the Merton model, the value 
of the firm should be lower. To increase the value of the call option using the compound 
option model, the volatility measure needs to be higher. The results of the iterative process 
indicates that a firm value of $21 per share and a firm volatility of 68.36% produces model 
values that are equal to the observed values. 

Subordinate Debt 



LO 21.2: Explain the differences between valuing senior and subordinated debt 
using a contingent claim approach. 

LO 21,3: Explain, from a contingent claim perspective, the impact of stochastic 
interest rates on the valuation of risky bonds, equity, and the risk of defaul t. 



In the event of bankruptcy, subordinate debt will receive payment only after all obligations 
to senior debt have been paid. Because of the uncertainty associated with financial distress, 
the value of subordinate debt acts more like an equity security than a debt security. 
Therefore, when a firm is in financial distress, the value of subordinate debt will increase as 
firm volatility increases, while the value of senior debt will decline. 

Suppose a firm has one issue of subordinate debt (SD) and one issue of senior debt (D) 
where both issues have the same maturity date, 77 F and U represent the face values of 
senior debt and subordinate debt, respectively. Equity, 5, is valued as a call option on the 
value of the firm, V, with an exercise price of F + U, 
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Subordinate debt can be valued in a portfolio as a long position in a call option on the firm 
with an exercise price equal to the face value of senior debt, F , and a short position on a call 
option on the firm with an exercise price equal to the total principal due on all debt, U + R 
Figure 4 illustrates the portfolio payoffs for the previous equations. 



Figure 4: Subordinated Debt Payoff 




Figure 5 illustrates how subordinate debt values behave like equity when the firm has low 
values, as during periods of financial distress, and how they behave like senior debt when 
the firm is not in financial distress. 



Figure 5: Relationships for Capital Components for Low vs. High Firm Values 
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Interest Rate Dynamics 

In the absence of credit risk, unanticipated changes in interest rates can affect the value 
of debt and the value of the firm. Increases in interest rates will decrease the value of debt 
because of pricing sensitivities of debt. Empirical evidence indicates that, on average, firm 
stock prices decline as interest rates rise. Therefore, to hedge debt, we need to account for 
the interactions between changing interest rates and firm value. 
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The Vasicek model allows for interest rates to revert to a long-run mean. The change in 
interest rates in the Vasicek mode! at time t is: 

Ar t = k(6 — r [ )At + 0 r £ t 
where: 

k = speed that interest rate reverts to the long-run mean, 0 
r t = current interest rate 
cr f = interest rate volatility 
£ c = random error term 

To value debt, Shimko, Tejima, and Van Deventer (1 993) 1 developed a variation of the 
Merton model that included the correlation berween firm value and changes in interest 
rates, p (W 

Figure 6 illustrates the relationships between interest rate dynamics of a low value firm 
(i.c., firm in financial distress) and the value of debt. 



Figure 6: Interest Rate Dynamics of Firm in Financial Distress 
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The sensitivity of the value of debt to changes in interest rates is dependent on the volatility 
of interest rates. When interest rate volatility is high the debt values are less sensitive to 
changes in interest rates. Therefore, hedging against the adverse affect of changing interest 
rates is dependent on the parameters of the dynamic interest rate model. 

Application Difficulties 

Application of the Merton model is complicated by the complexity of firms’ capital 
structures. Most firms have a variety of debt instruments that mature at different times and 
have many different coupon rates (i.e., not just zero-coupons). In addition to the many 
different types of debt issues, the Merton model does not allow the firm value to jump. 

Since most defaults are surprises, the inability to have jumps in the firm value in the Merton 
model makes default too predictable. 

Empirical research confirms the predictability of the Merton model. Jones, Mason, and 
Rosenfeld (1984 ) 2 report that a naive model of predicting whether debt is riskless works 
better for investment grade bonds than the Merton model. However, the Merton model 
works better than the naive model for debt below investment grade. Kim, Ramaswamy, 
and Sundaresan (1993) 3 report the Merton models inability to predict credit spreads. 

The documented problems with the Merton model created the need for models to predict 
default more accurately (such as the KMV approach). 

1. Shimko, David C, Naohiko Tejima, and Donald R. Van Deventer, 1993, “The Pricing of Risky 
Debt When Interest Rates Are Stochastic f Journal of Fixed Income, 3(2), 58-66, 

2. Jones, Philip E., Scott P Mason, and Eric Rosenfeld, 1984, “Contingent Claims Analysis of 
Corporate Capital Structures: An Empirical Investigation," Journal of Finance, 39(3), 61 1—625. 

3. Kim, In Joon, Krishna Ramaswamy, and Suresh Sundaresan, 1993, “Does Default Risk in 
Coupons Afl'ect the Valuation of Corporate Bonds? — A Contingent Claims Model,” Financial 
Management , 22, 117-131, 



©20 1 4 Kaplan, Inc. 



Page 6 1 



Topic 2! 

Cross Reference to GARP Assigned Reading - Stulz, Chapter 18 



Using the Merton Model to Calculate PD and LCD 

The simplest case for calculating probability of default assumes that the process for default 
is not correlated with the interest rate process or the recovery rate* The recovery rate is a 
fixed proportion of the principal that the debtholder receives in the event of default. The 
recovery rate is not dependent on time* 

To find the value of debt, the probability of default and the recovery rate are required* If 
the debt is publicly traded, then the probability of default and the recovery rate can be 
estimated from the current price of debt; however, most debt instruments are not publicly 
traded* 



Jn addition to the lack of public trading, there are four differences in measuring the risk of 
a debt portfolio that make estimating the probability of default and the loss due to default 
more challenging: 

• If securities are illiquid, then the historical data is not reliable* 

• The distribution of bond returns is not normal because the debtholder cannot receive 
more than the face amount plus the sum of the coupons* 

• Debt is issued by creditors who do not have traded equity* 

■ Debt is not marked to market in contrast to traded securities. That is, a loss is recognized 

only if default occurs* 

The Merton model for probability of default (PD) and loss given default (LGD) assumes 
that firm value is lognormally distributed with a constant volatility, and that the firm only 
has one liability, which is zero-coupon debt issue. The model also requires the expected 
return on the value of the firm, p* The Merton model for PD is: 



PD = N 



f ln(F) - ln(V) - (|x)(T - 1) + 0.5 (t 2 (T - 1 ) 



where: 

N = cumulative normal distribution 
F = face value of the zero-coupon bond 
V = value of the firm 
T = maturity date on bond 
<7 = volatility of firm value 



Loss given default (LGD) is: 



LGD = Fx (PD) - Ve^ T_t) x N 



ln(F) - ln(V) - P(T - 1 ) - 0.5<J 2 (T - 1 ) 
crVT-t 
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Example: Compute PD and LGD 

Suppose a firm with a value of $60 million has a bond outstanding with a face value of 
$50 million thar matures tn three years. The current interest rate is 6% and the volatility 
of the firm is 25%. What is the probability that the firm will default on its debt if the 
expected return on the firm, jut, is 15%? What is the expected loss given default? 

Answer: 



PD = N 



ln(50) - ln(60) - (0.15X3) + (0.5)(0.25r(3) 



(0.25)73 



= N(— 1 .244) = 0. 1 069 = 1 0.69% 



LGD= 50(0.1069) - 60e 015(3) N 



ln(50) - ln(60) - 0. 1 5(3) - 0.5(0.25) 2 (3) 



0.2573 



LGD= 5.345 - (94.099)N<- 1 .677) = 5.345 - (94.099) (0.0468) - 5.345 - 4.404 
= 0.941 = $941,000 



Figure 7 illustrates the relationships between the inputs of the Merton model and the 
probability of default and then compares each relationship to loss given default. 



Figure 7: Relationships for PD and LGD Relative to Variables in the Merton Model 
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Credit Risk Portfolio Models 

Portfolio credit risk models resolve some of the difficulties of measuring a portfolios 
probability of default and the amount of loss associated with default when using the Merton 
model. The models also allow for the inclusion of additional securities and contracts, such 
as swaps. Therefore, instead of having only debtholders in the model, the model includes 
other obligors. Obligors include all parties who have a legal obligation to the firm. 

Using various methodologies, credit risk portfolio models attempt to estimate a portfolios 
credit value at risk. Credit VaR (also called credit at risk or default VaR) is defined much 
the same as VaR (a.k.a. market VaR); the minimum credit loss at a given significance over 
a given time period (or alternatively, the maximum credit loss for a given confidence level 
over a given time period). 

Credit VaR differs from market VaR in that it measures losses that are due specifically to 
default risk and credit deterioration risk. Like market VaR, credit VaR is measured over 
a specified time period at a specified probability. There are two problems, however, when 
calculating credit VaR. First, calculating changes in credit quality over a 1-day period is 
difficult. Therefore, credit VaR is usually calculated over a year, where the potential change 
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in credit risk is more easily estimated. The second problem is that changes in credit risk are 
highly skewed and do not follow a normal distribution. The loss distribution of changes in 
credit quality for investment grade bonds closely resembles a lognormal distribution. 



CredkRisk+ 

CreditRisk+ measures the credit risk of a portfolio using a set of common risk factors for 
each obligor. Each obligor has its own sensitivity to each of the common risk factors. The 
model allows for only two outcomes (default or nondefault) for a loss of a fixed size. The 
probability of default for each obligor is dependent on the credit rating and the obligors 
sensitivity to each of the risk factors. Conditional on the risk factors, the model assumes 
that defaults are uncorrelated across obligors. 

Risk factors can only have positive values and are scaled to have a mean of one. The risk 
factors are assumed to follow a specific distribution, such as a gamma distribution. If an 
obligor has a risk factor greater than one, then the probability of default for firm i increases 
in proportion to the obligors exposure. After the probability of default for each obligor is 
calculated, the loss distribution for the portfolio can be estimated and used to assess the 
credit risk of the portfolio. 

CredkMetrics 

CreditMetrics is used for determining the credit value at risk (VaR) for large portfolios of 
debt claims. 

Steps in calculating credit VaR using CreditMetrics: 

Step I: Determine rating class for debt claim. 

Step 2; Use historical rating transition matrix to determine the probability that claim will 
migrate. 

Step 3: Estimate the distribution of value for claim by computing the expected values for 
one year. 

Step 4: Use the I -year forward zero curves rates to get current price of zero-coupon bond 
for one year. 

Step 5: Assume annual coupons to compute value of bond for each possible rating for next 
year. 

N 

Step 6: Compute the expected bond value E(BV p ) = y^p-BV- . Then compute the credit 

i=l 

value at risk (VaR) for a given confidence level, 
where: 

p - probability of migrating from a given rating 
BV - the bond value plus coupon for a given rating 
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Example: Compute VaR using CreditMetrics * 

Suppose your portfolio contains a senior unsecured bond issued by Triple-Bee, Inc. The 
bond with a credit rating of BBB matures in five years and pays a 6% coupon. If the 
recovery rate is 51. 13%, what is the 1% credit VaR, given the following 1-year forward 
zero rates for the next four years and the 1-year transition probabilities of a bond with a 
BBB rating? Assume the bonds market price is $106. 



Figure 8: One- Year Forward Zero Curves Rate for Each Rating Class (%) 



Rating Class 


Year 1 


Year 2 


Year 3 


Year 4 


Bond Value Plus Coupon for Next Year 


AAA 


3.60 


4.17 


4.73 


5.12 


109.37 


AA 


3.65 


4.22 


4.78 


5.17 


109.19 


A 


3.72 


4.32 


4.93 


5.32 
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BBB 


4.10 


4.67 


5.25 
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107.55 


BB 


5.55 


6.02 


6.78 


7.27 


102.02 


B 


6.05 


7.02 


8.03 


8.52 


98.10 


C 


15.05 


15.02 


14.03 


13.52 


83.64 


The bond value for next year is calculated by discounting the coupons and the principal 
amount by the appropriate forward rate. For example, the bond value for the BB rating 
class is calculated as: 


6 4- 


6 


. J 


6 

1- 


6 


6 + 100 

- 1 - —10707 



6 H H — H t -1 7 

{1 + 0.0555) 1 (1 + G.O602) 2 (1 + 0.O678) 3 (1 + 0.0727) 4 



Figure 9: Estimation of Mean Bond Value Given the One-Year Probabilities of Migration 
from BBB and the Recovery Rate of 51.13% for the Triple-Bee Bond 


Year-End Rating Class 


Probability of 
Migrating from 
BBB (%) 


Cumulative 
Probability (%) 


Bond Value Plus 
Coupon 


(Probability) x (Bond 
Value Plus Coupon) 
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5.407 


B 


1.17 
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1.148 
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0.30 


83.64 
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Default 
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0.18 
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0.092 


Expected bond value 










N 

E (BV p ) = X> BV i 

i = ] 








107,087 



4. 



The data on which this example is based can be found in the Credi [Metrics® Technical Manual, 
available on the RiskMetncs® Web site at www.riskmetncs^com. 
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Answer: 

The cumulative probability column in Figure 9 estimates the first percentile. The expected 
bond value of 98.10 is at 1.47% in the cumulative distribution and is used as a proxy for 
the first percentile. Since credit VaR is the difference between the current bond price and 
the first percentile, the credit VaR lor a bond with a current price oi 106 is estimated to 

be $7.90 {= 106 = 98.10). 



Correlations are important in a portfolio. If two bonds are independent, then the 
probability of both bonds migrating is the product of the individual events. If the bonds are 
not independent, then we need to know the migration correlations. The major complexity 
of CreditMetrics is estimating the joint migration of bonds in a portfolio. If the historical 
estimates for joint probabilities are used, then additional information is required. However, 
if stock returns are used to estimate the correlations between bond issues, the problem is 
solved, CreditMetrics recommends using a factor model where stock returns depend on 
country and industry indices as well as unsystematic risk. 

Moody s KMV Portfolio Manager 

Previously, we discussed the KMV approach for estimating expected default probabilities. 
That approach is known as Moody’s KMV Credit Monitor™. Another KMV model that 
is based on the Merton model, but is specifically designed for managing credit risk in a 
portfolio setting, is known as Moody’s KMV Portfolio Manager™. KMV Credit Monitor 
provides data for Portfolio Manager. 

The KMV model, a modified Merton model, calculates the expected default frequencies 
(EDFs) for each obligor. This modified model allows for more complicated capital 
structures (e.g., short-term debt, long-term debt, convertible debt, and equity). KMV solves 
for firm value and volatility. 

The primary advantage of the KMV model is the use of current equity values in the model. 
This allows for the impact of a current event to immediately affect the probability of 
default. Ratings changes occur with a considerable lag. The use of equity values allows for 
probabilities of default to change continuously as equity values change. In the CreditMetrics 
approach, the value of the firm can change without any impact on the probability of 
default. 

The KMV model computes the expected return from a variation of the capital asset pricing 
model (CAPM), which uses a factor model to simplify the correlation structure of firm 
returns. This provides for a direct estimation of the loss distribution without requiring the 
use of simulation to estimate the credit VaR of the credit portfolio. 
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CreditPortfolioView models the transition matrices using macroeconomic or economic 
cycle data. This is its primary distinguishing feature. Macroeconomic variables are the key 
drivers of default rates, and CreditPortfolioView estimates an econometric model for an 
index that drives the default rates of an industrial sector. The model simulates paths of the 
index, which produces a distribution of portfolio losses to analyze. Usually the focus is on 
an aggregate default rate for an entire economy. 

The user can select the inputs for the econometric model. Examples of often-used inputs are 
GDP growth, interest rates, and unemployment. In the United States and other countries, 
this data is readily available from public sources. The default rates per industry and country 
may not always be readily available in other countries, so proxies must be used. 

The procedure can be summarized in four steps: 

1 . Measuring the autoregressive process of the macroeconomic variables. 

2. Composing sector indices for the variables. 

3. Estimating a default rate based on the value of that index. 

4. Comparing the simulated values to historical values to determine the transition matrix 
to use. 

The second and third parts of the procedure consist of simulating future possible 
realizations of the indices and then using an appropriate transformation (e,g„ logistic 
transformation) on the simulations so they become a distribution of default rates. If the 
simulations indicate that the probability of default is above (below) the historical average, 
the user would conclude that the sector is in recession (expansion), and they would choose a 
recession (expansion) transition matrix. 

Limitations of the Credit Portfolio Models 

Credit portfolio models have made improvements at estimating the probability of default; 
however, most models do not account for changes in: 

* Interest rates. 

* Credit spreads. 

* Current economic conditions. 

The state of the economy does affect probability of default for bonds. As the economy 
moves from an expansionary period to a recessionary period the distribution of defaults 
changes. In 1991 defaults were at a peak and then declined through the 1990s as the 
economy expanded. The correlations increase during a recession. Credit risk models that use 
historical correlations are not able to account for changing economic conditions. 
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Credit Derivatives 



LO 21-4: Assess the credit risks of derivatives. 

LG 21.5: Describe a credit derivative > credit default swap, and total return swap. 



A credit derivative is a contract with payoffs contingent on a specified credit event. 

Credit derivatives are designed as hedging instruments for credit risks. Credit derivatives are 
usually traded over the counter (OTC) and nor on exchanges. 

Credit events include: 

• Bankruptcy. 

• Failure to pay 

• Restructuring. 

• Repudiation. 

• Moratorium. 

• Obligation acceleration. 

• Obligation default. 

One of the simplest credit derivatives is a credit default put. A credit default put pays on a 
loss of debt due to default at the maturity of the debt claim, 7i 



Example: Computing the payoffs from a credit default put 

Suppose a fixed income portfolio manager buys a bond issue with a face amount of 
$100 million that matures in one year. The payoff of the risky bond is the same as a 
portfolio of owning a 1 -year Treasury bill and a short position in a put written on the 
bond Issuer s firm value with the exercise price equal to the face value of debt. To hedge 
the credit risk that the issuer of the debt will not pay the full amount, the debtholder can 
buy a credit default put on the value of the firm with an exercise price equal to the debts 
face value. What is the payoff of holding a risky bond hedge with a credit default put, if 
the value of the risky firm s value is $60 million? 

Answer: 

Figure 10: Payoffs of Risky Bond Hedged With a Credit Default Put 



Value of the firm, V 60 

Payoff of risk- free bond, F 1 00 

Short position in put -Max(F-V,0) -40 

Risky debt is a risk-free bond + short put 60 

Credit default put Max(F-V>0) 40 

Hedged payoff 100 
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A more complex and popular credit derivative is the credit default swap (CDS), A CDS is 
similar to a typical swap in that one party makes payments to another party. The purchaser 
of the CDS seeks credit protection and will make fixed payments to the seller of the CDS 
for the life of the swap, or until a credit event occurs. This differs from a typical interest 
rate swap where net payments are based on some fixed and floating rates of interest. The 
underlying “reference” in a CDS is whether a credit event takes place. If a credit event takes 
place, the buyer ot die CDS will make a final “accrual” payment based on the amount of 
time elapsed since last payment. Then the swap is settled in either physical delivery of the 
reference obligation, or in cash. 

If the terms of the swap agreement dictate settlement by physical delivery, the buyer of the 
CDS delivers the reference obligation to the seller of the swap and receives the par value. 

If the terms of the swap agreement are for cash delivery, dealers are surveyed a specified 
number of days following a credit event to determine a midpoint between bid and ask 
prices, called which will then be used to calculate the cash payment as (100 — Z)% of the 
notional principal. 

Suppose FI Advisors owns fixed income securities issued by ELF Corp. (the reference entity 
issued the reference obligation) with a par value of $200 million. FI Advisors would like to 
protect its position against credit risk by using a credit-default swap and is able to purchase 
this credit protection in a credit-default swap from Market Makers, Inc., for 75 basis points 
of a notional principal determined to be $200 million. The life of the CDS is five years, 
which will require FI Advisors to pay $1.5 million to Market Makers, Inc., every year. If 
ELF Corp. does not default, FI Advisors receives nothing from this agreement. If ELF Corp. 
does default, however. Market Makers, Inc., pays FI Advisors the notional principal of $200 
million. The general CDS transaction can be seen in Figure 1 ] . 



Figure 11: Example of Credit Default Swap 




Payment if default 
by ELF Corp. occurs 



Total rate of return swaps (TROR) are agreements to exchange the total return of a 
reference asset (he., a risky corporate bond) for a floating rate (LIBOR) plus a specified 
spread. The total return of the reference asset will include both capital gains (or losses) and 
any flows (coupons, interest, dividends) over the life of the swap. 

The totahreturn payer payments would be similar to those of an investment in the 
underlying security in exchange for LIBOR plus the spread. If the payer owns the reference 
asset, a total return swap would allow the owner to transfer the credit risk of the asset to the 
receiver. If the payer does not own the reference asset, a total return swaps cash flows would 
be similar to those of taking a short position in the bond. If the value of the bond declines, 
the payer position gains. If the value of the bond increases, the payer position loses. 

Conversely, the cash flows to the receiver can be viewed as the total return on the reference 
asset, which is a floating rate obligation. Although the payer counterparty retains ownership 
of the asset, the receiver is exposed to the capital gains (or losses) and the credit risk of the 
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asset. The spread above the floating rate the receiver is obligated to pay will depend on the 
credit risk of the reference asset, the creditworthiness of the receiver, and the correlation of 
credit quality between the reference asset issuer and the total return swap receiver. 

Derivatives With Credit Risks 

A vulnerable option is an option with default risk. An option holder receives the promised 
payment only if the seller of the option is able to make the payment. Without the default 
risk, the holder of the option at expiration receives; 

Max(S - X, 0) 

where: 

S = underlying assets price at expiration 
X = exercise price 

The vulnerable option holder receives the promised payment only if the value of the 
counterparty firm, V } is greater than the required payment on the option. The payoff of the 
vulnerable option is: 

Max[Min(V, S - X), 0] 

The correlation between the value of the firm and the underlying asset value, p (VS ,, is 
important in the valuations of the vulnerable option. If P(v,S> * s strongly negative then 
vulnerable option has little value because firm value is low when vulnerable option payoff is 
to occur. If p(YS) is strongly positive then there is no credit risk because firm value is high 
when the value of equity is high. 

If the option has credit risk, then a derivative contract can be written to eliminate the credit 
risk. If the price of the vulnerable option can be estimated then the price of the credit 
derivative to insure the vulnerable option can be determined. The payoff of the option used 
to hedge the credit risk of a vulnerable option is; 

Max(S - X, 0) - Max [Min (V, S - X), 0] 



An alternative approach computes the probability of default and a recovery rate estimate 
if default occurs. The value of the option is the weighted average of the option without 
default. Following this approach, the value of a vulnerable option is; 

vulnerable option = [(I - PD) x c] + (PD x RR x c) 
where: 

c = value of the option without default 
PD = probability of default 
RR - recovery rate 
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Example: Compute the value of a vulnerable option 

Suppose a firm has a debt issue with a probability of default of 10% and a recovery rate of 
40%. What is the value of the vulnerable option? 

Answer: 

Vulnerable option value = (1 - Q.l)c + (G,l){G.4)c = 0,90c + 0,04c = 0,94c; therefore, the 
vulnerable option is worth 94% of the value of the option that is free of default risk. 



LO 21.6: Explain how to account for credit risk exposure in valuing a swap. 



The credit risk in a swap can be reduced by requiring a margin or by netting the payments. 
Netting is a method where the payments are offset so that only one party needs to make a 
payment. The covenants of the swap agreement can affect the credit risk exposure. Suppose 
a counterparty that is due to receive a net payment is in default. If the swap agreement 
has a full two-way payment covenant , then the counterparty still receives the net payment. 
However, if the swap has a limited two-way payment covenant , the obligations are abolished 
if either party is in default. Valuing a swap can be simplified by considering a swap with 
only one payment. 

Suppose there is only one payment to be made in a swap arrangement between Market 
Maker, Inc, and Risky Credit, Inc., which has no liabilities at the creation of the swap. The 
agreement provides for Risky Credit to receive a fixed amount, F, at maturity and to pay a 
variable amount, 5, based on some index. The index could be based on an equity value or a 
floating rate. If the payments are netted, Market Maker will receive the difference between 
the variable payment and the fixed payment (S ~ F), assuming there is no default risk such 
that Market Makers payoffs are: 

If S < F then Marker Maker pays F - S 
If S > F then Marker Maker receives S — F 

If Risky Credits ability to pay is uncertain (subject to default risk), then the payment to 
be received from Risky Credit is the smaller of (S - F) or the firm value of Risky Credit, V. 
When we consider the default risk of Risky Credit, the swap’s payoff to Market Maker is: 

(-)Max(F - S, 0) + Max[Min(S, V) - F, 0] 

For Market Maker, the risk-free counterparty, the payoff of the swap is the same as a 
portfolio of a short position on a put option and a long position on a call. The put is 
written on an asset with a value of 5 and an exercise price of F , The call option is written 
on the lower of the variable payment, S y or the value of rhe risky counterparty, V, with the 
exercise price of the fixed payment, F. At the initiation of the swap agreement, F is selected 
so that the swap has no value. 

The correlation between firm value, K and the variable payment, 5, is critical to the 
valuation of the swap. If the correlation declines, then there is no effect on the value of the 
put option, but the value of the option on the two risky assets declines. 
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Key Concepts 



L0 2U 

Credit risk is the chance that a party will fail to make promised payments. The two 
important roles that credit risk plays in risk management programs are (1) assessing 
the potential of default by debt claimants and (2) assessing the potential of default by 
counterparties of derivatives contacts. 

Given the assumptions of the Merton model, a levered firm s equity can be valued as a call 
option written on the value of the firm with the face value of debt as the exercise price and 
the time to the debts maturity as the time to expiration. The value of equity is an increasing 
function of firm value, time to maturity of debt, interest rates, and volatility of the firm and 
a decreasing function of the face value of debt. 

The value of debt, in the Merton model, is the difference between the firm value and the 
call option written on the value of the levered firm. The value of debt is an increasing 
function of firm value and the face value of debt and a decreasing function of the time to 
maturity of debt, interest rates, and the volatility of firm value, 

A credit spread is the difference between the yield on a risky bond the yield on a risk-free 
bond given that the two instruments have the same maturity. As time to maturity increases, 
credit spreads tend to widen. A reduction in the risk of default will narrow credit spreads. 



LG 21.2 

An extension of the Merton model provides for the pricing of subordinate debt. When 
a firm is experiencing financial distress (low firm values), the behavior of the values of 
subordinate debt are more similar to that of equity. However, if a firm is not experiencing 
financial distress (high firm values), the behavior of the values of subordinate debt resembles 
senior debt, 



L0 2L3 

The sensitivity of the value of debt to changes in interest rates is dependent on the volatility 
oi interest rates. When interest rate volatility is high, the debt values are less sensitive ro 
changes in interest rates. 



LO 21.4 

A credit derivative is a derivatives contract with payoffs contingent on a specified credit 
event. Credit events include the following; failure to make required payments, restructuring 
that harms the creditor, invocation of cross-default clause, and bankruptcy. 
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A credit default put is a credit derivative that pays on a loss of debt due to default at the 
maturity of the debt claim. 

In a credit default swap (CDS), the party with the credit exposure from a debt claim will 
make fixed payments to a counterparty The counterparty then agrees to pay the shortfall if 
the obligor is not able to meet the requirements of the debt contract (i,e. 3 credit event), A 
credit event triggers the payment by the counterparty 

A total return swap involves swapping the total return from a debt obligation in exchange 
for a specified payment. The lending party who wants to hedge its credit risk exposure 
agrees to pay the interest payments and any decline in the market value ol the debt 
instrument and receives a risk-free variable rate payment (usually based on LIBOR). 



LG2L6 

In a risky swap agreement, the correlation between a risky counterparty s firm value and the 
variable payment, is critical to the valuation of the swap. If the correlation declines, then 
there is no effect on the value of the put option, but the value of the option on the two 
risky assets declines. 
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Concept Checkers 



L The role that credit risk plays in risk management programs includes assessing the 
potential default by: 

I, debt claimants, 

II. counterparties of a swap agreement. 

A. 1 only. 

B, II only* 

C Both I and II. 

D, Neither I nor II, 

2. A non-dividend paying firm financed with 100% equity issues a zero-coupon bond 
with a principal amount of $50 million due in three years. What are the values of 
the different components of the firms capital structure at the maturity date of the 
bond if the firm value at that time is $40 million? 

A. $50 million in debt and $10 million in equity, 

B. $10 million in debt and $30 million in equity 

C. $50 million in debt and $40 million in equity, 

D. $40 million in debt and $0 in equity. 

3. Suppose a firm has two debt issues outstanding. One is a senior debt issue that 
matures in three years with a principal amount of $100 million. The other is a 
subordinate debt issue that also matures in three years with a principal amount of 
$50 million. The annual interest rate is 5% and the volatility of the firm value is 
estimated to be 15%. If the volatility of the firm value declines in the Merton model, 
then which of the following statements is true? 

A. If the firm is experiencing financial distress (low firm value) , then the value of 
senior debt will increase while the values of subordinate debt and equity will 
both decline, 

B. If the firm is not experiencing financial distress (high firm value), then the value 
of senior debt and subordinate debt and equity will increase. 

C. If the firm is experiencing financial distress (low firm value), then the value of 
senior debt and subordinate debt will increase while equity values will decline, 

D. If the firm is not experiencing financial distress (high firm value), then the value 
of senior debt will increase while the values of subordinate debt and equity will 
both decline. 

4. Which of the following statements regarding the Merton model is true? 

A. A firm with numerous debt issues that mature at different times is easy to value 
with the Merton model. 

B. The Merton model assumes a lognormal distribution and constant variance for 
changes in firm value. 

C. The Merton model is able to predict default because it allows for default 
surprises (i.e., jumps). 

D. Empirical results indicate that the Merton model is able to predict default better 
than naive models for investment grade bonds. 
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Which of the following is a characteristic of the KMV model? 

I. Each obligor has its own sensitivity to each of the common risk factors* 
II. It includes an estimate of correlation between firm values based on the 
correlation between observed equity values. 

A. I only. 

B. II only. 

C. Both I and IL 

D. Neither I nor IL 
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Concept Checker Answers 



1 . C Both statements are true. The two important roles that credit risk plays in risk management 

programs are (!) assessing the potential of default by debt claimants, and 
(2) assessing the potential of default by counterparties of derivatives contacts. 

2. D The value of equity is the value of a call on the value of the firm with an exercise price equal 

to the face value of the zero -coupon bond, $y = Max(Vy — F, 0) = Max (40 - 50, 0} = 0 
(Le*, equity has no value). The value of debt is Dy = F - Max(F — Vp 0) or alternatively, 

Dy - Vy - S y Therefore, the value of debt is 40 - 0 = 40 = $40 million, 

3. A When firms with subordinate debt are experiencing financial distress (low firm values), 

changes in the value of subordinate will react to changes m the model parameters in the 
same way as equity* Since equity is valued as a call option in the Merton model, a decline 
in volatility will reduce the value of equity (and subordinate debt). When firms with 
subordinate debt are not experiencing financial distress (high firm values), changes in the 
value of subordinate will react to changes in the model parameters in the same way as senior 
debt. Since senior debt is valued as the difference in firm value less equity valued as a call 
option in the Merton model, a decline in volatility will increase the value of senior debt (and 
subordinate debt)* 

4* B Most firms have a variety of debt instruments that mature at different times and have 

many different coupon rates (i.e., not just zero-coupons as assumed by the Merton model); 
therefore, Choice A is false. The Merton model assumes that the underlying asset follows 
a lognormal distribution with constant variance; therefore, Choice B is true. The Merton 
model does not allow the firm value to jump. Since most defaults are surprises, the inability 
to have jumps in the firm value in the Merton model makes default too predictable; 
therefore, Choice C is false* Jones, Mason, Rosenfeld (1984) report that a naive model of 
predicting that debt is riskless works better for investment grade bonds than the Merton 
model. However, the Merton model works better than the naive model for debt below 
investment grade; therefore, Choice D is false. 

5* B Statement I is only true for CreditRisk+. Statement II is a characteristic and major advantage 
of the KMV model. 
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The following Is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by GARP®. This topic is also covered in: 

Credit and Counterparty Risk 



Topic 22 

Exam Focus 

In this topic, we provide an overview of various definitions related to credit risk. These 
definitions provide a foundation for understanding credit risk and will be important to know 
when modeling this risk. The main credit risk model discussed in this topic is the Merton 
model. We will discuss this models assumptions and problems, and provide a detailed 
analysis of the models parameters. For the exam, pay close attention to the calculations for 
probability of default, loss given default, and expected loss. 



Types of Credit Risk 



LO 22* *1: Describe the credit risks associated with different types of securities* 



Credit denotes an economic obligation to an outside entity that is not one of the owners of 
the firms equity. Credit risk is either the risk of economic loss from default, or changes in 
credit events or credit ratings. 

Types of credit risky securities include corporate and sovereign debt, credit derivatives, and 
structured credit products. Their interest rates include a credit spread above credit risk-free 
securities. 

* Corporate debt includes fixed and floating rate bonds issued by corporations and bank 
loans, and technically represents the only credit risky security that can default. 

* Sovereign debt is debt issued by central, state, provincial or local governments, or state- 
owned or controlled entities. 

* Credit derivatives are contracts that transfer credit risk and whose payoffs depend on 
payoffs of other credit risky securities. The best known example of a credit derivative is a 
credit default swap (CDS). 

* Structured credit products are bonds backed by pools of mortgages or loans or some 
other type of collateral. They are generally not defaul table, however, they are credit risky 
in the sense that if some of the underlying assets default, the value of these securities 
must be written down and the creditor must take a loss. 
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Capital Structure 



LO 22.2: Differentiate between book and market values in a firms capital 
structure. 



Before we discuss credit risky securities and their valuations in greater derail, it is important 
to understand the firms basic capital structure. In this LO, we will differentiate between a 
firms book value and market value. Book value refers to the accounting balance sheet of the 
firm, where assets, debt, and equity are typically entered at book (historical) values. This 
differs from the economic balance sheet of the firm, where the components of the balance 
sheet are valued at market prices, or at some other value, including option pricing. The 
components of the economic balance sheet also include assets that are financed by debt and 
equity (A. = D f + E t ), where A % denotes the assets of the firm at current market prices, and 
D { and denote debt and equity at market prices. The equity ratio, or E f / A f , is the ratio 
of equity over assets, and the leverage ratio, or A f / E t , is the ratio of assets over equity. 

Assets produce cash flows and profits. Debt is an obligation that finances assets and results 
in a liability that must be repaid in the future. Equity is the capital invested by the firms 
owners, and represents a residual interest in the firm once all other creditors, including debt 
holders, are paid off. Equity, therefore, absorbs all losses before debt takes a loss. Equity 
owners are paid either in dividends or through reinvested capital in the firm. 

Debt Seniorities 

Within the capital structure, different securities have different rights, including priority 
on payments and cash flows. Debt seniority is the order of repayment on obligations — 
typically debt or preferred shares — to creditors. Senior debt is repaid first, followed by 
repayment on junior debt. 

Debt, especially corporate debt, can sometimes contain characteristics of both equity and 
debt securities. Three securities of note are preferred stock, convertible bonds, and payment 
in kind bonds. 

Preferred stock (Le., pref shares) are essentially hybrid securities that exhibit characteristics 
of both bonds and equity, with a priority in the event of default between common equity 
and bonds. Similar to bonds, they pay a fixed dividend and typically have no voting rights. 
Similar to common equity, they do not have a fixed maturity date and there is no legal 
obligation to pay dividends. 

Convertible bonds are bonds that can be converted into a predetermined number of 
common shares during the bonds 7 life. As a result, it is often easier to think of these bonds 
as nonconvertible, plain vanilla bonds with a call option on the firms equity. Mandatory 
convertible bonds must be converted to common shares at a future date (usually within 
three years). Given their relatively short term, the present value of coupons is generally not 
a large component of their value. Convertible pref shares can be convertible into a fixed 
number of common shares. 

Payment in kind (P1K) bonds are bonds that pay interest in kind as additional par value 
bonds, rather than by paying interest in cash. This is essentially a deferred coupon where the 
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principal increases over time. PIK bonds are often issued as part of leveraged buyouts where 
the issuer is looking to defer cash payment as long as possible, PIK bonds are more junior to 
regular bonds as they increase the firms indebtedness and hence its risk. 

In addition to seniority, credit obligations can also be categorized based on security as 
either secured or unsecured. Unsecured obligations only have a general claim on assets in 
bankruptcy, while secured obligations have a claim on specific assets as collateral. This claim 
on collateral is called a lien , which allows a creditor to seize specific assets under a firms 
bankruptcy, however, the proceeds can only be used to pay off the specific secured debt, 
and cannot be used to pay off other debt. Any amounts left over must be paid to the firms 
owner. Liens are typically on real estate but can involve other securities including bonds, 
firm subsidiaries, or specific property. 

Other terms associated with secured loans include haircut, recourse, and priority. A haircut 
in collateralized lending refers to a reduction in the collateral s value so that the full value 
of collateral is not being lent. Increases and reductions in haircuts is referred to as variation 
margin, while the initial amount of reduction is called initial haircut. Recourse in secured 
lending refers to the lenders right for claims against the borrowers assets beyond the value 
of the collateral if the collateral is insufficient to satisfy what the lender is owed. In a non- 
recourse or limited liability loan, the lender has no further claim beyond the collateral value. 
Priority refers to the order in which claims are satisfied under a borrowers bankruptcy. 
Secured debt has priority over unsecured debt, and within unsecured debt senior debt has 
priority over junior debt (debentures are examples of junior debt). 

Asset classes outside of cash securities (e.g., bonds, notes, corporate debt) can also give rise 
to credit risk. These include derivatives on an underlying cash security (e.g., credit default 
swaps). 

Professor's Note: Credit default swaps (CDS) are not the focus of this topic , but 
will be discussed in detail later in this book. 

Credit Contract Frictions 



LO 22.3: Describe common frictions that arise with the use of credit contracts. 



Despite their advantages in mitigating credit risk, credit contracts suffer from a number of 
problems, including transaction costs, friction, and conflicts of interest issues. 

Asymmetric information refers to different parties to a transaction having different 
information sets. For example, in credit transactions the borrower often has more or better 
information than the lender. Information asymmetries can be remedied through monitoring 
by the lender and adequate disclosures by the borrower. 

Principal-agent problems arise when a principal hires an agent for specific duties, 
however, the agent has better information than the principal. Examples include investment 
management relationships (e.g., an investor as the principal hires an investment manager as 
an agent for trading, however, the managers incentive is to maximize her own returns rather 
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than the investors) and delegated monitoring (e.g., the interests of a batiks depositors or 
creditors as principals conflict with the interests of the banks managers as agents)* 

Risk shifting occurs when risks and rewards are transferred from one group of market 
participants to another group holding different positions in the firms capital structure. 

A classic conflict is between equity investors and lenders. Equity investors benefit from 
increasing risk to the firms assets (e.g., from increased borrowing) as their investment is 
limited to their equity while their return potential is unlimited, however, bondholders’ 
risk increases as their returns are fixed. Therefore, risk shifts from equity investors to 
bondholders. Institutions that are deemed “too-big-to-fail* can also cause risk shifting when 
risk is shifted from protected debt holders (e.g., secured or senior bondholders) to equity 
holders* 

Moral hazard arises when buying insurance or some protection that reduces the incentive of 
the insured party to avoid the insured event* For moral hazard to arise, the insured party has 
the ability to mitigate the risk being insured, while the insurer cannot monitor the actions 
of the insured* A classic example is the insurance business. A homeowner insuring a home 
against fire may not purchase expensive smoke detectors, or a person with medical insurance 
may not look after his health as much as a person without insurance. In finance, firms that 
expect a bailout in bankruptcy may be prompted to take greater risks. 

Adverse selection occurs when parties to a transaction have asymmetric information. For 
example, the entity selling an asset may know something adverse about the asset that the 
prospective buyer may not know, however, this negative information is nor captured in the 
assets price* In finance, a bank selling loans or securities in the markets may possess more 
information than the buyers. 

Externalities are costs or benefits that occur when one party's actions cause others to absorb 
the cost or benefit* For example, a small group of borrowers in the short-term markets can 
drive up the cost for other borrowers* Asymmetric information arises as lenders have less 
information than borrowers which also creates externalities. 

Collective action problems {i.e., coordination failures) occur when a group of individuals 
were to benefit collectively if they all took a course of action, but would not benefit if an 
individual alone took the same course of action. Examples of coordination failures include 
the Prisoner s Dilemma in game theory, or in finance where all creditors of a particular class 
cannot agree on terms and are all disadvantaged under bankruptcy. 



Default and Recovery 



LO 22*4; Explain the following concepts related to default and recovery; default 
events* probability of default, credit exposure, arid loss given default. 



Default is the failure to pay a financial obligation* Default includes both distressed exchanges 
and impairment * Under a distressed exchange, creditors receive new securities with lower 
value than their original securities* From an accounting perspective, default occurs when 
the value of a firms assets is less than the value of its liabilities (i*e*> zero or negative equity)* 
This may give rise to impairment where the asset values are written down* Note that 
impairment can occur without default* If a firm cannot satisfy its liabilities, it would be 
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forced into bankruptcy , which is a legal procedure in which the firm seeks protection from 
its creditors either via reorganization and restructuring (e.g, 3 Chapter 1 1 bankruptcy) or via 
liquidation (e.g., Chapter 7 bankruptcy). In reality firms may seek bankruptcy protection 
before their equity is fully diminished in order to allow the firm to continue its operations 
while preventing creditors from suing the firm. 

The probability of default (PD) is the likelihood that a borrower will default within a 
specified time horizon. Probability of default is therefore the probability of a random default 
time t* < T, where T is the specified time horizon, PD is dependent on three factors: 

1 . Time t from where we are viewing default (usually at present or t = 0, but could be a 
future date), 

2. The time interval over which to measure default probabilities (usually beginning at t = 0 
until time Tin the future, although the interval could also begin in the future), 

3. A random variable time t* when default occurs. 

Exposure at default (be., exposure) is the amount of money the lender can lose in the event 
of a borrowers default. Exposure for derivatives contracts depends on whether the contract 
is linear [e.g., futures which have zero net present value (NPV) at initiation] or nonlinear 
(e.g., options which almost always have a non-zero NPV). Exposure for swaps Including 
interest rate swaps is the NPV of the swap. 

Loss given default (LCD) is the amount of creditor loss in the event of a default. When 
default occurs, creditors typically do not lose the entire amount of their exposure. The 
fraction of exposure not lost (recovered) at default is recovery , an amount between 0% and 
1 00%. Loss given default is therefore: 



exposure - recovery + LGD 



The recovery amount is the amount owed that creditors receive under bankruptcy and 
depends on seniority asset values, and business conditions. Recovery is generally expressed 
as the recovery rate, RR> where RR is a fraction between 0 and 1 : 

recovery LGD 

HR — = 1 

exposure exposure 

Typical recovery rates for secured debt can exceed 75%, but are often close to 0% for 
junior unsecured debt. Both LGD and recovery are random variables that are not known 
in advance of a default. In addition, LGD may be correlated with the default probability 
which may complicate the model. Nevertheless, many applications treat LGD as a known 
quantity. 
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LO 22.5: Calculate expected loss from recovery rates, the loss given default, and 
the probability of default. 



Expected loss (EL) is the expected value of the credit loss, and represents the portion of loss 
a creditor should provision for and treat as an expense item (e.g., on the income statement). 
If the only possible credit event is default, expected loss is equal to: 



EL = PD x (1 - RR) x exposure = PD x LGD 



Professor's Note: In this equation , LGD is in dollar terms , however , it could 
also he expressed as a percent ( i. e. y 1 — RR). On the exam , if LGD is given as a 
percent , EL - PD x LGD x exposure. 



If the credit event includes the possibility of both default and credit migration {e.g., potential 
changes in credit ratings), then EL is the probability- weigh ted sum of changes in value 
under the different scenarios. 



It is important to note that both LGD and recovery are conditional expectations, that is, 
they are conditional on default occurring: 

FT FI 

E floss I defaultl - LGD - — = — 

L J P [default] PD 

Consider an exposure of $ 1 00,000 with a LGD of $30,000 that is known with certainty. 
The recovery is therefore $70,000, and the recovery rate, RR, is 70%, If the probability of 
default, PD, is 1%, the expected loss, EL, is 0.01 x $30,000 = $300. 

So why would an investor invest in a security that has an expected loss? The simple answer 
is that the investor is looking to be compensated by a credit spread that would more than 
offset the expected loss. For risk- free bonds, an investor over one year would receive 1 + r, 
where r is the risk-free coupon. An investor would therefore expect to earn 1 + r + z on 
a risky bond, where z is the coupon spread that is expected to compensate for default. If 
default can only occur in one year just before a coupon payment, there are two possible 
payoffs on the risky bond: 

1. The investor receives 1 + r + z, with probability 1 - PD. 

2. The investor receives RR y with probability PD. 

Because the future value of the risk-free bond is known with certainty to be 1 + r, the 
investor may prefer the risky bond as long as: 



(1-PDHl + r + z) + (PD)(RR) > 1 + r 

where PD(1 - RR) is the expected loss, and (1 - PD){1 - RR) is the unexpected loss at 
default. 
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Credit vs. Market Risk Events 



LO 22.6: Differentiate between a credit risk event and a market risk event for 
marketable securities. 



Market risk is die risk of economic losses from movements in market prices, including 
market price movements of credit-risky securities. Credit risk is the risk of borrower default 
on contractual obligations, but also includes other risks including credit downgrades. An 
issuer downgrade from A to BBB without a change in A spreads or interest rates is a pure 
credit event , while a widening spread between A and risk-free rates or a rise in risk-free rates 
is a pure market event. Note that there has historically been some ambiguity between credit 
and market risk. Bor example, a change in the perception of credit quality, even if it does 
not result in credit migration, may cause spreads to increase and give rise to credit risk (this 
specific credit risk is referred to as mark-to-market risk). 

Credit Assessment Techniques 



LO 22.7: Summarize credit assessment techniques such as credit ratings and rating 
migrations, internal ratings, and risk models. 



A credit rating is an alphanumeric grade assigned by credit rating agencies that summarizes 
the creditworthiness of a particular security or entity The most prominent credit rating 
agencies are Standard and Poors (S&P), Moody s, and Fitch Ratings (Fitch), which have 
been granted special recognition by the Securities and Exchange Commission (SEC) in the 

U.S. 

The ratings assigned by the credit rating agencies reflect the probability of default of 
entities and debt issues. AAA securities are considered virtually free of default risk, while 
a D rating signifies default. Investment grade securities range from AAA to BBB-, while 
non-investment (i.e„ speculative) grade securities range from BB+ to C, Rating agencies 
also assess rating migration, or changes in ratings. Probability estimates are summarized in 
transition matrices , which show the estimated likelihood of a rating change for a company 
within a specified time period {usually one year). In other words, the matrix indicates the 
probability that a particular issuer will end the period with a different rating than what 
it initially began with. A typical 1-year ratings transition matrix by S&P can be seen in 
Figure T 



Figure 1: Transition Matrix 
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The largest percentages within the matrix are shown by the diagonal figures starting from 
top left* which show the probability that securities would finish a year with unchanged 
ratings. For example, there is a 9 1 .43% probability that a single A- rated security would 
maintain its A rating at the end of the yean Note that the probability of failure increases 
considerably as the starting credit rating falls. Also, default is considered a terminal state; 
that is, there is no transition from default. 

It is important to understand that the ratings business gives rise to an inherent conflict of 
interest. Ratings agencies are compensated for ratings by bond issuers rather than by the 
sale of data to investors (this is called the issuer- pays model). This gives rise to a conflict 
between bond issuers, who benefit from receiving the highest ratings, and investors, who 
expect ratings to be based on an objective ratings methodology. Partly due to this conflict, 
many firms carry out their own internal assessment of credit quality through internal models , 
and may assign internal ratings to assist with credit- related or investment decisions. 

Credit risk models are frequently used to assess credit risk of a single firm. The two main 
types of models are reduced-form models and structural models . Reduced-form models are 
technically not risk models which estimate default probabilities or LCD as outputs, but 
rather use these parameters as inputs to simulate default rimes. Structural models estimate 
credit risk from fundamental inputs primarily from balance sheet data. 

Counterparty Risk 



LO 22,8: Describe counterparty risk, compare counterparty risk to credit risk, and 
explain how counterparty risk can be mitigated. 



Counterparty risk is a type of credit risk that one of the parties to a transaction will not 
fulfill its obligations. In evaluating counterparty risk, two conditions must be satisfied: 

(1) the investment must be profitable, and (2) the counterparty must fulfill its obligation 
ro the investor. However, counterparty risk is typically a two-way transaction with the 
line between borrower and lender blurred. This type of risk may arise under the following 
scenarios: 

1 . OTC derivatives trading . , Each derivatives contract has two sides, and either side may be 
exposed to counterparty risk at any given time. In addition, OTC derivative trades are 
bilateral contracts between two private parties, which creates counterparty risk at any 
given time. In contrast, exchange- traded instruments, including options and futures, 
have significantly less counterparty risk given that a clearinghouse is ar the center of 
each trade mitigating this risk. 

2. Brokerage relationships . Historically it was assumed that only the broker in a brokerage 
relationship has counterparty risk, not the client. Following the sub prime crisis, this 
assumption has changed following client losses from failed brokerages, while broker 
losses on client exposures remained rare. 

Netting significantly reduces counterparty risk. Netting becomes particularly important 
as parties frequently trade multiple positions with each other, often buying and selling 
different quantities of the same contract within a day. Netting provides a gain to both 
parties as only the net amount of money needs to be paid, reducing counterparty risk. 
Multilateral netting is netting among multiple counterparties. Exposures under multilateral 
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netting are more difficult to calculate, however, the benefits are similar as under netting. 
Netting and settlement clearing are the primary reasons why clearinghouses were introduced 
in the ITS. in futures trading. In addition, counterparty exposures and netting are often 
governed through legal agreements including the 1SDA Master Agreement, 

It is important to distinguish counterparty risk from market risk. Market risk is the risk 
that the value of an underlying position will move against the trader due to adverse market 
factors, which may result in a negative NPV of the investment. Counterparty risk is the 
conditional risk that the NPV of the investment is positive, however, the counterparty fails 
to perform its obligations and therefore no profit is realized from the trade. To account for 
counterparty risk, the fair NPV of the position must be adjusted by a counterparty credit 
value adjustment (CVA). 

One way to protect against counterparty risk in derivatives trading is margin. Margin is 
a form of collateral posted by both counterparties to cover potential losses from default. 
Initial margin is the amount of cash collateral posted by both sides at trade initiation. Initial 
margin tends to be small, particularly for most swap contracts, and the majority of margin 
arises from changes in the NPV of derivatives contracts which are posted daily as variation 
margin , Not all types of trades have small initial margin, however. Contracts including 
CDSs and CDS-related trades typically have large initial margin as these contracts require 
significant upfront payment in exchange for the counterparty selling protection. 

Historically, derivatives dealers typically required their clients to post initial margin on both 
the long and short sides of a swap. It was also the dealer that considered making CVAs to 
OTC derivatives, rather than the client, to protect the dealer against potential client default. 
During the recent credit crisis, however, including the bankruptcy of Lehman Brothers, 
the assumptions of such one-sided protection proved incorrect. Clients suffered significant 
losses as a result of Lehmans default since Lehman held margin collateral, which then 
became part of the bankruptcy estate. This resulted in clients becoming unsecured general 
creditors of the Lehman bankruptcy estate for both the margin paid to Lehman and for 
their claims from the derivative contracts. 

Counterparty risk can be mitigated by (I) accurately measuring exposures, (2) maintaining 
assessment of counterparty conditions, (3) dealing with a diverse group of counterparties, 
and (4) minimizing exposures to weaker counterparties. 

Reducing exposures to a particular counterparty can be achieved by limiting the volume of 
OTC contracts traded with them, or by increasing the amount of collateral requirements 
against them. In the context of CDS trades, limiting the volume of trades to a counterparty 
is referred to as CDS compression. When there are multiple long and short CDS positions 
with a counterparty, compression reduces the set of CDS trades to a single net long or short 
position, which limits exposure to the counterparty. Some difficulties could arise, however, 
as contracts may not be identical regarding counterparty, premium, and maturity. 

Variations of Counterparty Risk 

Double default risk is the risk that a counterparty that sold default protection on a third 
party will default at the same time as the third party. Therefore, double default risk is both 
a form of counterparty risk and correlation risk. One of the best-known historical examples 



©20 1 4 Kaplan, Inc, 



Page 85 



Topic 22 

Cross Reference to GARP Assigned Reading - Malz, Chapter 6 

of double default risk was the case of American International Group (AIG). A1G is a well 
capitalized, highly rated U,S. -based insurance corporation that sold significant amounts of 
CDS protection on a variety of credit exposures. Given AJG s prominent market position, 
the protection buyers considered counterparty risk (i.e., the potential for AIG to default) to 
be minimal* To offset its exposures, AIG, through one of its subsidiaries, purchased a large 
quantity of highly rated mortgage-backed securities including collateralized debt obligations 
(CDOs). As the credit crisis unfolded, AJG was unable to meet its obligations under the 
CDS contracts it had written at the same time it suffered material impairments under the 
CDO contracts it held long. 

Custodial risk refers ro the risk of default by a custodian. Custodians provide custodial 
services by collecting cash flows including dividends and interest, and selling, lending, and 
transferring securities to be available for delivery. Custodians also maintain custody of 
securities in margin accounts in margin lending and prime brokerage relationships. This 
gives rise ro custodial risk, as securities in margin accounts are not in the customers name 
but are in street name so that they could be sold immediately to protect the lender against 
potential credit losses. This contrasts with securities in cash and nonmargin accounts, which 
are in customer name and are therefore not subject to custodial risk. 

Brokers often provide custodial services in addition to credit intermediation services to 
clients. Collateral pledged by a client that is held by the broker can often be repledged 
by the broker as collateral to borrow money ro fund its own operations. This is referred 
to as rehypothecation. Rehypothecation became a particular concern during the Lehman 
bankruptcy as the assets, including unpledged assets, of clients of one of Lehmans 
subsidiaries were not segregated and were therefore subject to rehypothecation. As a result 
these clients became creditors of Lehman during the bankruptcy proceedings as potentially 
unsecured lenders. 

The Merton Model 



LO 22,9: Describe the Merton Model, and use it to calculate the value of a firm, 
the values of a firms debt and equity, and default probabilities. 



Single-obligor credit risk models are models of a single issuer of debt obligations. The model 
that is our primary focus is the Merton model, which relates the firms balance sheet 
components to credit risk using the Black-Scholes-Merton option pricing model in order ro 
value credit-risky corporate debt. The Merton model rests on a number of assumptions; 

1 . The market value of assets, A ( , and expected return, p, are related. Markets are in 
equilibrium and investors expect to earn a risk premium of p - r, where r is the 
continuously compounded risk-free rate. 

2. The basic function of A f = E ( + D f describes the firms balance sheer. Debt consists of 
a single zero-coupon bond with a nominal payment of Z>, maturing at time T. The 
notation D refers to the notional value of debt, while L> x and E x indicate the value of 
debt and equity at time t (market values of debt and equity). The model also assumes 
that the firm can default only on the maturity date of the bond. 

3 . Eq u i ry co ns i s ts of co m morn ha res o n 1 y. 
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4. Debtholders have limited liability and have no recourse to any other assets once equity 
is eliminated. 

5. Contracts are strictly enforced and debtholder obligations must be fully satisfied before 
equity owners can realize any value. Note that this assumption is somewhat unrealistic, 
as there are typically negotiations between debtholders and equity owners on how to 
distribute assets if a firm is undergoing reorganization. 

6. Trading in markets occurs not only for the firms equity and debt securities, but also for 
its assets* Traders can establish both long and short positions* 

7. There are no cash flows prior to rhe maturity of the debt (including dividends). 

Default occurs when the marker value of the firms assets is less than the face value of its 
obligations, or when A r < D* A r - D is called the distance to default* Therefore, we can 
view the firms debt and equity as European options on the value of rhe firms assets with 
the same maturity as the firms zero-coupon debt* Options can then be valued using the 
Black-Scholes- Merton option formula, although contrary to typical option pricing models, 
here we are looking to value credit risk. 

As mentioned, the set of assumptions just outlined is not entirely realistic, including the 
assumption of an absence of negotiations between debtholders and equity owners during 
reorganization. In addition, it is unrealistic to assume that the value and volatility of the 
firm s assets would be known at any given time* 

Now that we have outlined the set of assumptions, equity and debt values can be computed 
using option- pricing models as follows: 

Equity value of firm: The value of assets, A t , and the volatility of assets, a are seen as 
known quantities* Equity can be viewed as a call option on the firms assets with an exercise 
price equal to Z>. At maturity date T> if the firms assets are greater than its debt, the firm 
pays the value of debt. If the value of assets is less than the value of debt, equity is zero 
and the firm does not have sufficient resources ro pay debt in full. The value of equity at 
maturity date T can then be seen as: 

Ey = max (Ay - D, 0) 

The notation t = T - 1 represents the time to maturity, and the current value of equity, E f 
can then be valued using the Black-Scholcs-Merton value of a T-year European call at a 
strike price of D * 

Market value of debt: A similar formula can be set up for the value of debt. Here we value 
debt as a single risk-free bond maturing at value D plus a short put option on the firms 
assets. The present value of the risk-free bond is De“ rT . The future value of debt is therefore: 

Dy = D — max(D - Ay 0) 
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The present value of the bond adjusted for market risk can then be set up as: 



D c = Dc 17 - (European put value with strike at D) 



The firms balance sheet The balance sheet equation of A = E + D can be re-written as the 
value of a portfolio of the risk- free discount bond plus a long call and a short put option 
with strike prices of the nominal value of debt: 



A t = E ? + D t = (European call with strike at D) + De rT - (European put with strike at D) 



Leverage : Leverage is simply the ratio of assets to equity* 

Probability of default (PD): The probability of default is the probability of exercising the put 
and call options. It is important, however, to differentiate between true/actuarial/physical 
probability of exercise and the risk-neutral probability* 



The actuarial (true or physical) PD can be calculated using a stochastic process using the 
return on assets, |i. PD can then be calculated using a lognormal distribution of the firms 
assets with parameters p and cr A : 



P[A t <D] = $ 



| 08 (d, 
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The risk-neutral PD uses a similar approach, with some minor variations in the formula: 
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Professors Note: The symbol represents a standard normal distribution 
function , 



Yield to maturity and credit spread: We can now also calculate the yield to maturity of debt 
and its credit spread. The yield to maturity of debt, y i is: 



D t eA T = D 



The equation can be re-arranged using the current market value of the debt: 



[De ^ - European put option with strike at D]e y ' ' = D 
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Yx= “ log[(l- e — )D + European put option with strike at D 

Finally, we can calculate the credit spread by subtracting the risk-free rate from both sides; 
y r — r = ” log j|l = e _rT J D + European put option with strike at D — r 



Loss given default (LGD): The LGD depends on how much the value of the firms debt 
exceeds the value of assets at maturity. In the Merton model, LGD is a random variable. 
Note that the actuarial expected default loss is not the current market value of the put 
option. Rather, the value of the put option is greater than the actuarial expected loss given 
the compensation to the put writer for taking on the risk and expected cost of default 
protection. The actuarial expected default losses can then be calculated as the future value of 
the actuarial default put option: 



expected default losses = e rT (European put option with strike at D) 



Dividing the actuarial expected default losses by the PD gives us the LGD: 
e n (European put option with strike at D)j 



expected LGD — 



PD 



Finally, we can compute the expected recovery rate as: 
1 — — (expected LGD) 



LO 22.10: Explain the drawbacks of and assess possible improvements to the 
Merton Model. 



As mentioned in the previous LO, the Merton model makes some unrealistic assumptions. 
Another drawback of the model is that it could result in low default probability values and 
high recovery rates for firms with high leverage. Firms with high leverage in reality would 
typically have higher default probabilities and lower recovery rates. 

Despite its drawbacks, the Merton model has proved popular and has been adapted 
by several rating agencies in their proprietary models, including Moodys KMV and 
RiskMetrics* CreditGrades models. These models address the Merton model s two main 
shortcomings: (1) a firms capital structure, especially its debt structure, is generally much 
more complex than the model implies, and (2) a firms asset value and volatility is not 
directly observable in the market. 
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Credit Factor Models 



LO 22,1 1: Describe credit factor models and evaluate an example of a single-factor 
model* 



Factor models relate the risk of credit loss to fundamental economic quantities. A simple 
version of a factor model is a single-factor model, which uses a random asset value from the 
Merton model as the value below which the firm defaults* 



A single- factor model can be used to value a firms asset return. With a horizon ar the future 
date of T = t + t, asset return (a T ) can be calculated using a logarithmic formula; 



a x = log 




As weve previously seen, default occurs when Ay < D. This is then identical to the event 
that: 



a x < log 






Asset return under this model is a function of two random variables: (1) the return on a 
market factor m that denotes the correlation between default and the state of the economy, 
and (2) a shock 6- that captures idiosyncratic risk. Asset return and the variance of asset 
return can then be written as functions of the asset betas: 

a x = /3m + — 0 1 £ 

Var[a x ] = /3 2 +l-/3 2 =l 



The 0 in the model above relates to asset beta rather than equity beta and captures the co- 
movement of the firms returns with an unobservable market index. 

Lastly, the single-factor model uses a default probability as an input (rather than an output 
as under the Merton model) that values the default threshold asset value (denoted as k) 
based on the /75-th quantile of a r using a standard normal distribution function. In 
summary the si ngle- factor model uses two parameters, /3 and k> which can be estimated 
using balance sheet data and stock price information or firm ratings and transition matrices* 

A practical example ol the model would be to calculate the value of 0 where systematic and 
idiosyncratic risk contribute equally to total credit risk, as measured by return variance* This 
would be at a 0 value where: 

0 2 = \-p = 1 ^/ 3 =* 

2 
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LO 22.12: Define and calculate Credit VaR. 



Credit VaR and the previous models for estimating credit risk statistics (e.g., unexpected 
loss) are related because they incorporate potential losses at a future dare at a given 
probability. They differ, however, in two main respects. First, the time horizon for 
measuring credit risk is typically much longer than tor market risk, and is generally around 
one year. As a result, credit drift for credit risk can be material and can also create issues that 
are usually not a concern with market risk, including the treatment of coupon payments 
and cost of funding positions. Second, extreme skewness is a material concern in credit risk. 
Extreme skewness arises given, in the rare event that default does occur, returns are very 
large and negative. Skewness results in a higher confidence interval for measuring credit 
VaR, usually at 99 th and 99.9th percentiles. 

Once a credit loss occurs, losses can be broken down into three components: expected 
loss, unexpected loss, and tail loss (loss beyond unexpected losses). Expected loss (EL) is 
the difference between the par value of a bond and its expected future value, factoring in 
default probability and recovery. Unexpected loss (UL) is a quantile of credit loss in excess 
of expected loss, defined either as standard deviation or the 99th or 99.9th percentile loss 
in excess of expected loss. Credit VaR is typically defined in terms of UL as the worst-case 
portfolio loss at a given confidence level over a specific holding period, minus the expected 
loss. This differs from market risk, where market risk VaR is defined in terms of profit and 
loss, that is, it compares a future value with a current value. Credit risk VaR compares two 
future values. 

Jump-to-default risk is an estimate of the loss if a position were to immediately default. 

The jump-to-default value of x units of a bond with a value of p is xpRR , where RR is 
the recovery rate. Note that jump-to-default risk can also be calculated without default 
probabilities as a form of stress testing, by looking at it as a worst-case scenario. Note that 
jump-to-default risk can be misleading for portfolios for two reasons. First, a portfolio 
with long and short positions that are offsetting will have artificially low jump-to-default 
values although portfolio risk is high. Second, a portfolio with only long positions will show 
artificially high jump-to-default values as it does not factor in diversification. 
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Key Concepts 



LO 221 

Credit is an economic obligation to an outside entity that is not one of the owners of the 
firms equity* Credit risk is either the risk of economic loss from default, or changes in credit 
events or credit ratings* Credit risky securities include corporate and sovereign debt, credit 
derivatives, and structured credit products* 



LO 22*2 

A firms book value refers ro the accounting balance sheer of the firm, whereas economic 
balance sheet of the firm refers to the components of the balance sheet valued at market 
prices. According to the basic balance sheet equation, assets equal debt plus equity* The 
equity ratio is equity over assets, and the leverage ratio is assets over equity 



LO 22*3 

Despite their advantages, credit contracts have a number of drawbacks, including 
asymmetric information, principal-agent problems, risk shifting, moral hazard problems, 
adverse selection, externalities, and collective action problems* 



LO 22.4 

Default is the failure to pay a financial obligation and includes both distressed exchanges 
(creditors receive new securities with lower value than their original securities) and 
impairment {asset values are written down)* 

Probability of default is the likelihood that a borrower will default within a specified time 
horizon. Probability of default is dependent on the time from where we are viewing default, 
the time interval over which to measure default probabilities, and a random variable time 
when default occurs* 

Exposure at default is the amount of money the lender can lose in the event of a borrowers 
default. 

Loss given default (LCD) is the amount of creditor loss in the event of a default* LGD is 
essentially exposure less recovery The recovery amount is the amount owed that creditors 
receive under bankruptcy, and depends on seniority, asset values, and business conditions. 



LO 22*5 

Expected loss is the expected value of the credit loss, and is equal to the probability of 
default times LGD. Credit migration refers to the potential changes in credit ratings. Both 
LGD and recovery are conditional expectations* 
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LO 22.6 

Market risk is the risk of economic losses from movements in market prices. Credit risk is 
the risk of borrower default on contractual obligations, and includes other risks like credit 
downgrades. 



LO 227 

A credit rating is an alphanumeric grade assigned by rating agencies that summarizes the 
creditworthiness of a particular security or entity. 

Rating migration refers to a change in ratings. Probability estimates are summarized in 
transition matrices, which show the estimated likelihood of a rating change for a company 
within a specified time period. The ratings business suffers from conflicts of interest, 
including a conflict between bond issuers and investors. 



LO 22.8 

Counterparty risk is a type of credit risk that one of the parties to a transaction will not 
fulfill its obligations. Two conditions must be met in evaluating counterparty risk: (1) the 
investment must be profitable, and (2) the counterparty must fulfill its obligation to the 
investor. 

Credit risk is either the risk of economic loss from default, or changes in credit events 
or credit ratings. Counterparty risk is a type of credit risk that one of the parties to a 
transaction will not fulfill its obligations. Market risk is the risk that the value of an 
underlying position will move against the trader due to adverse market factors. 



LO 22.9 

The Merton model is a single-obligor credit risk model that relates the firms balance sheet 
components to credit risk using the Black-Scholes-Merton option pricing model in order to 
value credit- risky corporate debt. The Merton model rests on a number of simplifying and 
at times unrealistic assumptions. 



LO 22,10 

The Merton model has been adapted by several rating agencies in their proprietary models, 
including Moody s KMV and RiskMetrics’ CreditGrades models, which correct several of 
the Merton models shortcomings. 



L0 22.ll 

Factor models relate the risk of credit loss to fundamental economic quantities. A single- 
factor model can be used to value a firms asset return and default events. 
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LO 22.12 

Unexpected losses and credit VaR are related concepts since they both incorporate potential 
losses at a future date at a given probability, however, differ in that the time horizon for 
measuring credit risk is typically much longer than for market risk* and extreme skewness is 
a material concern in credit risk. 

Losses following a credit loss can be broken down into expected loss, unexpected loss, and 
tail loss (loss beyond unexpected losses). 
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Concept Checkers 



1 . CRS Capital has assets of $250,000 and debt of $ 1 50,000 on its balance sheet. Its 
equity and leverage ratios are closest to: 





Equitv ratio 


Leverage ratio 


A. 


0.4 


1.7 


B. 


0.4 


2.5 


C. 


0.7 


1.7 


D. 


0.7 


2.5 



2, Following the aggressive risk-taking by one of the largest Australian hedge funds, the 
six month Australian LIBOR rate has increased from 3*5% to 3.8%, Which of the 
following economic terms best describes this scenario? 

A* Moral hazard, 

B* Adverse selection, 

C* Externalities* 

D* Risk shifting, 

3* Jemis Fund Management Inc, (Jem is) is a mutual fund company that frequently 

trades interest rate swaps- One of the swaps currently outstanding has a net present 
value (NPV) of $2 million in Jemis' favor* According to Jemis, the $2 million 
represents its potential loss in the event of the counterparty’s default. Which of the 
following terms best describes this amount? 

A, Exposure at default* 

B* Recovery* 

C Expected loss* 

D* Loss given default* 

4* A bank has an outstanding trade with one of its counterparties with an exposure 
of $500,000 and a recovery rate of 70%* The bank estimated that there is a 2% 
probability that the counterparty will default on its obligations* What is the banks 
expected loss? 

A* $3,000* 

B, $7>000* 

C $10,000* 

D. $150,000* 

5* Which of the following statements regarding ratings transition matrices is least 
correct? 

A. Transition matrices assess rating migrations, that is, the probability that a 

company starting with a particular rating will be downgraded within the stated 
period. 

B* The diagonal elements in the transition matrix beginning at the top left show 
the probability of ending the year with an unchanged rating* 

C Within a transition matrix, there is no transition from default to another rating* 
D* The probability of a rating migration is higher for lower rated companies* 
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Concept Checker Answers 



1 * B The firms equity is its assets less its debt, or $250,000 - $1 50,000 - $100,000. 

The equity ratio is the ratio of equity to assets, or $100,000 / $250,000 = 0.4. 

The leverage ratio is the ratio of assets to equity or $250,000 / $100,000 = 2.5. 

2 . C This scenario is an example of an externality. Externalities are costs or benefits that occur 

when one party’s actions cause others to absorb the cost or benefit. In this case, the aggressive 
risk taking of one entity lead to an increase in short-term borrowing costs for all prudent 
borrowers in the Australian lending market* 

3* A Exposure at default (exposure) is the potential amount lenders would lose in the event of a 

borrowers default. Exposure for interest rate swaps is the NPV of the swap. Loss given default 
(LCD) is the amount of creditor loss in the event that a default does occur, and is calculated 
as the exposure less recovery. The fraction of exposure not lost at default is recovery. Expected 
loss is the expected value of the credit loss, and is a factor of the probability of default and 

LGD. 

A. A At a recovery rate of 70%, the recovery amount is $500,000 x 0,70 = $350,000, 

The loss given default (LGD) is $500,000 - $350,000 = $1 50,000. 

Expected loss is (probability of default x LGD) - 0.02 x $150,000 = $3,000. 

5. A Transition matrices assess the probability that a company’s raring will remain unchanged at 
the end of a stated period. Rating migration measures the probability of a change in letter 
rating, however it encompasses both rating upgrades and downgrades* 
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The following Is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by GARP®. This topic is also covered in: 



Spread Risk and Default Intensity 
Models 



Topic 23 

Exam Focus 

Investors require a return for bearing credit risk, which is typically expressed relative to 
risk-free rates (e.g., yield spread, GAS, CDS spread). Default can be modeled with simple 
Bernoulli trials or more complicated intensity (hazard) models. For the exam, know the 
relationship between hazard rates, cumulative default probability, and conditional default 
probability. Also know that the credit spread is approximately equal to loss given default 
times probability of default. 



Spread Conventions 



LO 23 J: Compare the different ways of representing credit spreads, 
LO 23-2: Compute one credit spread given others when possible. 



Informally, a credit spread represents the difference in yields between the security of interest 
(e.g., corporate bond) and a reference security (typically a higher rated instrument). Ideally, 
these two securities would have the same maturity, so the difference in yields represents the 
difference in risk premiums, not compensation for the time value of money. As intuitive 
and attractive as this definition is, unfortunately, it can be interpreted in many different 
ways. Figure I summarizes various spread measures. 



Figure I : Various Spread Measures 



Spread Measure 
Yield spread 
i- spread 
3 - spread 

Asset-swap spread 
CDS spread 
Option adjusted 
spread (OAS) 
Discount margin 



Definition 

YTM risky bond - YTM benchmark government bond 

YTM risky bond - linearly interpolated YTM on benchmark government bond 

Basis points added to each spot rate on a benchmark curve 

Spread on floating leg of asset swap on a bond 

Market premium of CDS of issuer bond 

3-spread adjusted for oprionality of embedded options. 

3-spread = GAS if no option 

Fixed spread above current LIBOR needed to price bond correctly 



The more common spread definitions (yield spread, i-spread, and ^-spread) are 
demonstrated in the following examples. 
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Example 1\ Assume the following information regarding XYZ Company and US Treasury 
yields. 





XYZ 


US Treasury 


Coupon rate 


6% semi-annual coupon 


4% semi-annual coupon 


Time to maturity 


20 years (7.25% YTM) 


20 years (4.0% YTM) 


Yield curve 




4.0% flat 



Based on the above information, yield spread = 7.25% — 4% = 3.25% (325 basis points) 

Example 2: Assume the following information regarding XYZ Company and US Treasury 
yields. 





XYZ 


US Treasury 


Coupon rate 


6% semi-annual coupon 


4% semi-annual coupon 


Time to maturity 


19 years (7.25% YTM) 


20 years (4.0% YTM) 
18 years (3.6% YTM) 


Yield curve 




4.0% flat 



Because the maturity of the XYZ bond does not match exactly with the maturity of the 
quoted Treasury bonds, the i-spread will be computed as: 

i-spread = 7.25% - (4.0% + 3.6%) / 2 = 3.45% 



Example 3: For this example, we consider the calculation of the ^spread in a continuous 
time framework. XYZ bond is trading at a 6% discount (94% of par) with an 8% semi- 
annual coupon and 10 years to maturity. Assume a flat swap curve at 10% and a spot rate 
of 9.6% compounded continuously for all maturities. The z-spread is calculated using the 
following expression: 



0.94 = 



0.08 



' i=i 



e -(0.096+z)0.5 



+ e -(0.096+z)10 



Spread '01 



LO 23.3: Define and compute the Spread "01. 



Recall the concept of DV01, the dollar value of a basis point, from the Part I curriculum. 
DV01 captures the dollar price change from a one basis point change in the current yield. A 
similar concept for credit spreads is known as DVCS (i.e., spread '01). Here, the potential 
change in the bond price is estimated from a one basis point change in the ^-spread. 
Specifically, the ^-spread is shocked 0.5 basis points up and 0.5 basis points down and the 
difference is computed. 
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For example, if the current z-spread is 207 bps and the bond is priced at $92, we could 
consider incremental 0.5 basis point changes to compute the spread *01. When the z-sprcad 
is increased by 0,5 basis points to 207.5 bps, the new bond price is $91.93 and when the 
z-spread tightens by 0.5 basis points to 206.5 bps, the bond price increases to $92.14. 
Hence, given a $100 par value, the spread '01 is: 92.14 - 91.93 = 0.21 dollars per basis 
point. 

We can further study the comparative statistics of this result. Intuitively, the smaller 
the z-spread, the larger the effect on the bond price (i.e., the greater the credit spread 
sensitivity). This result is straightforward because the same one basis point change represents 
a larger shock relative to the current z-spread when the z-spread is low. Thus, the DVCS 
exhibits convexity. 

Binomial Distribution 



LO 23*4: Explain how default risk for a single company can be modeled as a 
Bernoulli trial. 



A Bernoulli trial is an experiment or process where the outcome can take on only two 
values: success or failure (i.e., a binomial distribution). Success and failure are relative 
terms that denote that either the event happens (“success”) or does not happen (“failure”). 
The obvious connection to our discussion is that a firm does or does not default during a 
particular time period. Let us define the relevant time period as T 7 — Tj = T where the firm 
will default with probability tt and remains solvent with probability 1 - tt. The mean and 
variance of a Bernoulli distribution is equal to 7T and 7t(l - tt), respectively 

An important property of the Bernoulli distribution is that each trial is conditionally 
independent. That is, the probability of default in the next period is independent of 
default in any previous period. Hence, if a firm has survived until the current period, the 
probability of default in the next period is the same as in its first year of existence. This 
memoryless property is exactly the same as studying a series of coin flips. For example, if 
you observed that a fair coin has landed on heads 10 consecutive flips, then the best guess 
for another heads on the 11th flip is still 50%. 

Do not confuse this concept with the cumulative probability of default. Consider a firm 
with probability tt of default each period. The likelihood of surviving the next eight periods 
is (1 - tt) 8 . We can clearly see that as long as a firm has a positive probability of default, it 
will eventually default in a sufficiently long period of time. 
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Exponential Distribution 



LO 23.5: Explain the relationship between exponential and Poisson distributions. 



The exponential distribution is often used to model waiting times such as how long it takes 
an employee to serve a customer or the time it takes a company to default. The probability 
density function for this distribution is as follows: 



f(x) = ixe- x ^,x>G 

0 



In the above function, the scale parameter, /?, is greater than zero and is the reciprocal of 
the “rate” parameter X (i.e«, X = 1 / /3), The rate parameter measures the rate at which it 
will take an event to occur. In the context of waiting for a company to default, the rate 
parameter is known as the hazard rate and indicates the rate at which default will arrive. 

As mentioned, the exponential distribution is able to assess the time it takes a company to 
default. However, what if we want to evaluate the total number of defaults over a specific 
time period? As it turns out, the number of defaults up to a certain time period, N z , follows 
a Poisson distribution with a rate parameter equal to t / /3, 



A Poisson random variable AT refers to the number of successes per unit > the parameter lambda 
(X) refers to the average or expected number of successes per unit . The mathematical expression 
for the Poisson distribution for obtaining X successes, given that X successes are expected, is: 



P(X = x) = 



\ x e- X 



We can further examine the relationship between the exponential and Poisson distributions 
by considering the mean and variance of both distributions. The mean and variance of 
a Poisson distributed random variable is equal to X and, as it turns out, the mean of the 
exponential distribution is equal to 1 / X and the variance is equal to 1 / X 2 . 



Hazard Rates 



LO 23,6: Define the hazard rate and use it to define probability functions for 
default time and conditional default probabilities. 



The hazard rate (i,e>, default intensity) is represented by the (constant) parameter A and 
the probability of default over the next, small time interval, dt , is Xdt, Stated differently, 
the probability of default over (t, t + dt) = Xdt, It follows naturally that the probability of 
survival over the same time interval dt is 1 - Xdt. 

If the rime of the default event is denoted t*, the cumulative default time distribution F(t) 
represents the probability of default over (0, t): 



P(t* < t ) = F(t) = 1 - e" Xt 
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O Professor’s Note: This equation calculates the cumulative probability of default 
(cumulative PD)> which is an unconditional default probability . 



Similarly, the survival distribution is P(t* > t) = 1 — F(t) = e” Xc and both survival and default 
probabilities sum to 1 at each point in time. In other words, if you have not defaulted 
by time t, then you have survived until this point. As t increases, the cumulative default 
probability approaches 1 and the survival probability approaches 0. 

For completeness, we provide the marginal default probability (or default time density) 
function as the derivative of F(t) with respect to the variable £ 



\e" Xt 



It is evident that this quantity is always positive indicating that the probability of default 
increases over time related to the intensity parameter X. 

Previously, the exponential function was used to model the default probability over {0, t). If 
we examine the probability of default over (t, t + t) given survival up to time t, the function 
is a conditional default probability The instantaneous conditional default probability (for 
small t) is equal to Xt, 



Example: Computing default probabilities 

Given a hazard rate of 0,15, compute the one, two, and three-year cumulative default 
probabilities and conditional default probabilities. 



Answer: 



t 


Cumulative PD 


Survival Probability 


PD(t, t+1) 


Conditional PD Given 
Survival Until Time t 


1 


1 _ e -0.l5(l) = 


1 -0.1393 = 


0.1393 




0,1393 


0.8607 




2 


l _ e -0, 1 5(2) _ 

0.2592 


1 - 0.2592 = 
0.7408 


0.2592-0.1393 = 
0.1199 


0.1199/0.8607 = 
0.1393 


3 


1 _ e -0. 1 5(3) _ 
0.3624 


1 - 0.3624 = 
0.6376 


0.3624 - 0.2592 = 
0.1032 


0.1032/0.7408 = 
0.1393 



Notice that the conditional probabilities in the far right column are constant. 
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Risk-Neutral Hazard Rates 



LG 23*7: Calculate risk-neutral default rates from spreads. 



In structural models, such as the Merton model, the default probabilities are based on 
specific pricing functions associated with the firms assets and liabilities (in essence, 
structural models implicitly assume the modeler has as much information about the firm 
as the firms managers). On the other hand, reduced form models will take the market 
price of liquid securities such as a credit default swap (CDS) as fairly priced and back out 
the markets aggregated expectations of default. To calculate risk-neutral default rates from 
spreads we are interested in working with reduced form models, which start with market 
observable spreads. 

Let s start by comparing zero-coupon corporate bonds to maturity-matched default-free 
government bonds. Since the only cash flows occur at maturity the current prices differ 
based on their yields. Specifically the price of a default- free bond maturing in r is: 




where: 

r T = continuous discount rate 

Similarly the price of a risky (corporate) bond with spread z T relative to the default-free 
bond with maturity r is expressed as: 

pcorp _ e -(r T +z T )T _ Pt(; -z t t 



If there is no default, the price between the corporate and default-free bond converge to par 
over r. In case of default, creditors will recover a fraction of par, which is the recovery rate 
denoted as RR (0 < RR < 1), 



As a simplifying assumption, suppose there will be no recovery of assets in default 
(he., RR = 0). Therefore, the corporate bond investor receives $1 (par) if no default and 
$0 if there is a default. On average, the expected value is: 




On a present value basis discounting at risk-free rate generates: 




The final step is to equate this present value expression to the risky bond price and solve for 



e -(r T +z T )r 



- e^ T 




l + (l-e _XTT 



xO 
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Solving for the risk-neutral hazard rate when the recover rate is zero shows that \* T = z T * 
Thus, the interpretation of this analysis is that the credit spread (z-spread) is the hazard rate* 

When we introduce a positive recovery rate, the analysis changes slightly: 



e -(r T -hz T )r 




Xl + 




xRR 



After solving for the risk-neutral hazard rate, we end up with the following approximation: 



\ T * 



1 — RR 



Stated differently, the loss given default (1 - RR) times the default probability (hazard rate) 
is approximately equal to the credit spread (z- spread) * 



Example: Computing hazard rate 

The three-year CDS on Bloomington Minerals and Mining has a spread of 400 basis 
points* The underlying nature of the business contains specialized equipment that has 
a limited resale potential. Thus, a credit analyst projects a 20% recovery rate in default. 
Calculate the hazard rate* 



Answer: 



0*04 

1 — 0.2 



= 0.05 



LO 23*8: Describe advantages of using the CDS market to estimate hazard rates* 



The primary advantage of using CDS to estimate hazard rates is that CDS spreads are 
observable. Although we can create a model for the hazard rate (the probability of default 
in the next period conditional on surviving until the current period), the estimated value 
would inherently be a guess. Instead, we can draw on the logic of a reduced form model to 
use the observable, liquid CDS to infer the estimates of the hazard rate* 

Our previous analysis on estimating hazard rates did not fully capture the complexities of 
the bond market. First, published estimates of default probabilities are insufficient as they 
are typically provided for a one-year horizon which may not match the duration of the 
analysis* Second, few corporations issue zero-coupon bonds* One can view commercial 
paper as de facto zero-coupon bonds but the issuing universe is restricted to large, highly- 
rated corporations* CDS can overcome these difficulties because liquid contracts exist for 
several maturities (e.g*, 1, 3, 5, 7 and 10 years are common). Furthermore, a large number 
of liquid CDS curves are available (800 in U*S* markets, 1,200 in international markets) 
and the contracts are more liquid than the underlying cash bonds (i.e., narrower spreads 
and more volume)* 
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Hazard Rate Curves 



LO 23 . 9 : Explain how a CDS spread can be used to derive a hazard rate curve. 



Constructing the hazard rate curve uses a bootstrapping methodology not that different 
from bootstrapping a yield curve (moving from coupon yield curve to zero-coupon yield 
curve). The CDS spreads provide several discrete maturities to extract hazard rates. We 
know from casual observation that the CDS curves can take a variety of shapes so the 
constant hazard rate assumption from before is not likely to hold in practice. Technically 
hazard rates are measured every instant in time so the CDS data will only provide a 
few observable data points and will require some form of interpolation or piecewise 
construction to complete the curve. 

Intuitively the hazard rate can vary over time. We can represent the time-varying hazard 
rate as \(t). When the hazard rate varies, the probability of default becomes: 

t 

-f \(s)ds 
it f = 1 — e & 

For the special case when the hazard rate is constant {i,e., \(t) = X for all t), then the PD 
expression simplifies to = 1 - e -Xr . For practical purposes, the hazard rates used in default 
models are not constant but will not vary each instant in time either. Therefore, using CDS 
speads is a reasonable compromise to accommodate changing hazard rates at discrete points 
in time. 



Using the common CDS maturities (1, 3, 5* 7 and 10 years), the time-varying hazard 
rate function can be expressed in general form. In the following expression, five piecewise 
constant hazard rates are determined from observed CDS spreads. 







o < t < r 


\ 2 




1 < t < 3 




for 


3 < t < 5 


x 4 




5 < t < 7 


X 5 . 




7 ct 



Subsequently the integral in the above probability of default equation is determined as: 





X t t 




0 < r < 1 


t 


Xj +(t — 1)X 2 




1 < t < 3 


/X(s)ds — . 


Xj +2X2 +{t — 3 )X 3 


for 


3 < t < 5 


0 


Xj + 2X2 T - 7X3 + (t — 5 )X 4 




5 < t < 7 




Xj + 2X2 + 2X3 + 2X4 + (t — 7 )X^ 




7 <t 



Previously the hazard rate was extracted from the default probability This process relied 
on the simple idea that (PV of expected payments in default) - (PV of expected premiums 
paid). At CDS swap initiation no cash transfer takes place, but afterward if there is a change 
in credit quality, say, an improvement, the protection sellers position gains while the 
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protection buyers position loses (buyer is locked into paying too much for protection based 
on current conditions). 

The fact that the CDS swap spread is observable allows for the inference of default 
probability for the 1-year maturity by equating (PV of expected payments in default) and 
(PV of expected premiums paid). Thus, given an assumed recovery rate (usually 40%), the 
probability of default and, hence, the hazard rate can be inferred for the first period (using 
the first piecewise portion of the earlier hazard function). 

The bootstrapping procedure is then employed so that the hazard rate for the first period is 
used to infer the hazard rate for the second period from the piecewise function (using the 
observable information from the second CDS contract with a 3~year maturity, a recovery 
rate assumption, and the swap curve). Similarly, the hazard rate from the second period is 
an input to find the hazard in the third period, and so on. In this fashion, a graph can be 
constructed showing the CDS spreads, hazard rates, and default density. 

CDS spreads (single points), the hazard rate curve (solid line), and default density (dashed 
line) are shown in the top graph in Figure 2. The default distribution, with a discontinuous 
slope when moving between hazard rates, is shown in the bottom graph in Figure 2, 

Figure 2: Default Curve Estimation 

T 

S 
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LQ 23.10: Explain how the default distribution is affected by the sloping of the 
spread curve* 



In order to explain how the slope of the spread curve affects the detank distribution, it is 
useful to think of the term structure of the CDS spread curves. As a benchmark, consider 
the impact of spreads that are constant for all maturities, that is, the markets expectations 
for default is constant* In this case, the spread curve would be hat implying the probability 
of defaulting in the near term is the same as defaulting in the long run. 

The most common spread curve is upward sloping* Thus, the aggregate market forecast is 
that default is unlikely in the near term but increases with the forecast period. In contrast, 
spread curves, although unusual, may be downward sloping. This phenomenon would 
indicate relatively high expectations of short-term default (distress) but, if the firm can right 
itself, it will likely survive for a sufficiently long period of time* Therefore, the longer-term 
spreads are lower than the short-term spreads* This situation is similar to an inverted yield 
curve where short-term rates are extremely high (likely from high, short-term inflation) but 
are expected to moderate to a more natural, lower rate in the future. 

On a relative basis, a downward-sloping spread curve (dotted line) has a steeper default 
distribution than an upward -sloping spread curve (solid line), because the cumulative 
default for a short horizon is higher. Similarly for intermediate and longer terms, the 
cumulative default distribution of the downward-sloping spread curve is flatter as the 
probability of default decreases after surviving the short term. 



Figure 3: Default Distribution 
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LO 23-11: Define spread risk and its measurement using the mark-to-market and 
spread volatility. 



Spread risk is the risk of loss from changes in the price of securities that have a positive 
probability of default. By extension, the spread risk for Treasury securities is zero for any 
maturity Recall that at the initiation of a CDS, the parties have implicitly agreed on a 
fair swap spread so that the expected payments to both are equal. Thus, no cash trades 
hands up-front. Rather, the protection buyer is exposed to the narrowing of spreads if the 
creditworthiness improves as it has essentially agreed to now-above-market premiums. 
Naturally a loss that is experienced by the protection buyer (Le., fee payer) represents a gain 
to the protection seller (he., contingent payer). Similarly, the protection seller suffers when 
spreads widen as it has agreed to provide contingent compensation in case of default at a 
rate that is now viewed as too low. 

To measure spread risk, the mark-to-market of a CDS and spread volatility can be used. 

The mark-to-market effect is computed by shocking the entire CDS curve up and down by 
0,5 basis points (similar to spread '01), Note the slight difference from spread S 01 where the 
z-spread, a single value, was shocked. Thus, the entire CDS curve moves up and down by a 
parallel amount. An alternative measure of spread risk is to compute the volatility (standard 
deviation) of spreads. The spread volatility can use historical data or can be forward-looking 
based on a subjective probability distribution. Not surprisingly, the spread volatility spiked 
extremely high during the recent financial crisis for many financial services firms. 
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Key Concepts 



LO 23 J 

A credit spread represents the difference in yields between the security of interest 
(e.g*, corporate bond) and a reference security (typically a higher rated instrument)* There 
are several different ways to capture the concept of spread including: yield spread, i-spread, 
z-spread, asset-swap spread, CDS spread, OAS, and discount margin* 



LO 23.2 

The yield spread represents the difference between yield on the subject instrument and 
maturity-matched benchmark yield. 

The i-spread (interpolated spread) uses linear interpolation when maturities do not match 
up precisely 

The CDS spread is the premium (percent of par) to protect against credit event. 

The z-spread and OAS are computed rather than observed spreads* The z-spread is based 
on a hypothetical parallel shift of the benchmark curve to match the observed bond price* 
OAS is similar, but accommodates interest rate volatility and must be used for bonds with 
embedded options* z-spread - OAS when there are no embedded options* 



LO 23.3 

Analogous to DVOI, the spread *01 computes the price change from a one basis point 
change in the z-spread. Computationally the z-spread is increased and decreased by 0.5 
basis points and the difference in resulting prices is the spread ‘01 , This measure exhibits 
convexity, so as the spread increases, the marginal change in the spread '01 decreases* 



LO 23.4 

Bernoulli trials identify events as success (no default) and failure (insolvency) in each 
trial. The cumulative probability of default increases and, in the limit, all firms eventually 
default* The default process is memoryless - default in period (T ; , T j+1 ) given no default 
until period /, is the same probability as default in the next period. 



LO 23.5 

Modeling defaults can be done by modeling the time to the next event using an exponential 
distribution* The number of defaults up to a certain time period follows a Poisson 
distribution* 
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LO 23.6 

The hazard rate (or default intensity* X) describes the likelihood of failure (default). When 
die hazard rate is constant, the arrival of the next default follows exponential distribution 
where cumulative default - I - e -Xr and marginal probability of default is Xe _Xt . This 
implies that the cumulative probability is increasing and all firms will eventually fail, and 
that the marginal probability of failure is decreasing. The conditional default probability 
computes the probability of default in the next period (distance of t) given survival until 
the current period and is calculated as Xt. 



LO 23.7 

Intuitively, risk-neutral default rates can be inferred from spreads. Given a fixed recovery 
rate and observable spread* the probability of default (hazard rate) can be approximated as: 



LO 23.8 

CDS spreads are useful for estimating hazard rates because they are liquid, span multiple 
maturities and are standardized. These spreads provide more information about market 
expectations of default than typical default forecasts over the next period. 



LO 23.9 

More complex hazard rate models assume the hazard rate is time- varying. 

The probability of default is used to back our the hazard rate for the first period (assuming 
the hazard rate is time-varying) . The process is repeated for the next maturity (via 
bootstrapping) to estimate the next probability of default and hazard rate. This piecewise 
process is continued for several observable CDS maturities. 

A default distribution curve can be constructed from a hazard rate curve. The slope of the 
default distribution curve will be discontinuous to reflect the movement from one hazard 
rate to the next. 



LO 23.10 

Spread curves may be upward sloping (typical shape) or downward sloping (short-term 
distress, but decreasing default risk if it can survive in the short term) . Upward- si oping 
spread curves generate cumulative default distributions that are flatter in the short term but 
steeper afterward. Downward-sloping spread curves are steeper in the short term as the near 
probability of default is higher but then moderates to a flatter curve afterward. 



L0 23.ll 

Spread risk is the change in value of risky securities from changing spreads. Similar to DV01 
and spread 4 01 calculations* the entire CDS curve is shocked up and down by 0,5 basis 
points to compute the CDS mark-to-market value. Spread risk can also be measured using 
the historical or forward-looking standard deviation of credit spreads. 
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Concept Checkers 



L Which of the following statements is correct regarding spread measures? 

A. The yield spread and i-spread are equal if the benchmark yield curve is flat. 

B* The 2 -spread = OAS for callable bonds, 

C* The z-spread must be used for mortgage-backed securities (MBS)* 

D, The CDS spread is used only with corporate bonds. 

2. An analyst has noted that the default frequency in the pharmaceutical industry has 
been constant at 8% for an extended period of time* Based on this information, 
which of the following statements is most likely correct for a randomly selected firm 
following a Bernoulli distribution? 

L The cumulative probability that a randomly selected firm in the pharmaceutical 
industry will default is constant* 

II, The probability that the firm survives for the next 6 years without default is 
approximately 60%. 

A. I only 

B, II only 

C* Both I and II, 

D, Neither I nor IL 

3. An analyst has gathered the following information about ABC Inc, and DEE Inc, 
The respective credit ratings are AA and BBB with 1-year CDS spreads of 200 and 
300 basis points each. The associated probabilities of default based on published 
reports are 10% and 20%, respectively Which of the following statements about the 
recovery rates is most likely correct? 

A, The market implied recovery rates are equal, 

B, The market implied recovery rate is higher for ABC. 

C. The market implied recovery rate is lower for ABC. 

D* The loss given default is higher for DEE 

4. Which of the following statements best explains the relationship between CDS 
spreads and hazard rates? 

A. Hazard rates are observable and can be used to infer credit spreads from 
backward induction, 

B* Credit spreads are observable and can be used to infer hazard rates from 
backward induction, 

C* Hazard rates are observable and can be used to infer credit spreads from 
bootstrapping. 

D. Credit spreads are observable and can be used to infer hazard rates from 
bootstrapping. 
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An analyst is studying the CDS spread curve for an established company. The l-> 

3- and 5-year spreads are 400 bps, 200 bps, and 150 bps, respectively Which of the 
following interpretations of the data is most likely correct for the shape of the default 
distribution? 





Default Distribution 


Near-Term Slop- 


A. 


Upward sloping 


flat slope 


B. 


Downward sloping 


steep slope 


C. 


Upward sloping 


steep slope 


D. 


Downward sloping 


flat slope 
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Concept Checker Answers 



LA If the yield curve is flat, there is no need for interpolation. Therefore, yield spread = i-spread. 
3-spread > OAS for callable bonds. GAS must be used for MRS. CDS measures the credit 
risk from any security with positive probability of default including sovereign and municipal 
bonds. 

2. R Statement I is false because the cumulative probability of default increases (i.e., even the 

highest rated companies will eventually fail over a long enough period). Statement 11 is true 
since the probability the firm survives over the next 6 years without default is: (1 — 0.08) 6 = 
60.6% 

3. C The approximation of credit spread = (1 - RR) x (PD). This implies: 

ARC: 200 bps = (1 — RR)(10%), so RR = 80% 

DEF: 300 bps = (1 - RR)(2Q%), so RR = 85% 

Thus, the market implied recovery rate is lower for ABC. Using loss given default 
terminology LGD for ARC = 20% and LGD for DEF = 1 5%. 

4. D Credit spreads are observable and, when used in conjunction with observed discount rates on 

swaps and the presumed recovery rate, the probability of default over the specific maturity 
can be inferred. The probability of default can, in turn, infer the hazard rate for the first 
period. Using the bootstrapped hazard rate from period 1 , the second period hazard rate 
can be inferred using the same procedure with observable data corresponding to the longer 
maturity, 

5. C The CDS spreads indicate a downward sloping spread curve. Note that the cumulative 

distribution of default is always increasing regardless of the slope of the spread curve. In 
addition, since the short-term probability of default is relatively high, the .slope in the near 
term of the default distribution function is relatively steep. 
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The following Is a review of the Credit Risk Measurement and Management principles designed to address the 
learning objectives set forth by GARP®, This topic is also covered im 

Portfolio Credit Risk 



Topic 24 

Exam Focus 

In this topic, we discuss the role that default correlation plays in measuring the default 
risk for a credit portfolio. For the exam, be prepared to list drawbacks of using default 
correlation and explain the single-factor model approach under the assumption that defaults 
are independent and returns are normally distributed. Know how to calculate the mean and 
standard deviation of the default distribution under the single-factor model condi tional 
approach for correlations of 0 and 1 and the unconditional approach for correlations between 
0 and L Lastly, be able to explain how VaR is determined using the single-factor mode! and 
copula methodology based on simulated terminal values. 



Default Correlation for Credit Portfolios 



LO 24 J : Define default correlation for credit portfolios* 



Risks to consider when analyzing credit portfolios include default probability, loss given 
default (LGD), probability of deteriorating credit ratings, spread risk, and risk of loss 
through restructuring in bankruptcy. Default correlation measures the probability of 
multiple defaults for a credit portfolio issued by multiple obligors. 

Suppose there are two firms whose probabilities of default over the next time horizon t are 
7t 1 and tt 2 for each firm, respectively. In addition, there is a joint probability that both firms 
will default over time horizon t equal to tt 12 . 

The default correlation for this simple two firm credit portfolio can be framed around the 
concept of Bernoulli-distributed random variables x- ti that have four possible outcomes over 
a specific time horizon L Figure 1 illustrates the four possible random outcomes where 0 
denotes the event of no default and 1 denotes default. The random variables lor firm 1 and 
2 are and x T The probabilities of the four random events (firm l defaults, firm 2 defaults, 
both firms default, and neither firm defaults) are illustrated in Figure 1 . 



Figure 1 : Default Probabilities for Two Firms 
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Thus, the probability that one of the firms defaults or both firms default equals: 

71 j + it 2 “ Since the probabilities of all four events must equal 1, the probability that 
no firm defaults is 1 - tt 1 — + tt ] 2 * The means of the two Bernoulli-distributed default 

processes are: Efy] = 7q, where i equals 1 or 2, The expected value of joint default is simply 
the product of the two denoted as: Efxjxj = tt 12 . The variances are computed as: E[x-] 2 - 
(E[x £ ]) 2 = 7t-( 1 - 7t £ ) and the covariance is computed as: E[xjX 2 ] - E[xJE[x 2 ] = it 12 - Ttj 7t r 

Equation l defines the default correlation for a two firm credit portfolio as the covariance of 
firm 1 and 2 divided by the standard deviations of firm 1 and 2, 

Pl2 = 0) 



Credit Portfolio Framework 



LO 24*2: Identify drawbacks in using the correlation-based credit portfolio 
framework. 



A major drawback of using the default correlation-based credit portfolio framework is the 
number of required calculations* Eor example, to specify all possible outcome events in a 
three firm framework requires three individual firm default outcome probabilities, three 
two- default outcome probabilities, the three-default outcome probability, and the no default 
outcome probability Thus, there are 2 n event outcomes with only (n + 1) + [n{n - I) / 2] 
conditions. If we have ten firms, there will be 1 ,024 event outcomes with 56 conditions* 

The number of pairwise correlations is equal to n(n - 1)* In modeling credit risk, the 
pairwise correlations are often set to a single, non- negative parameter. 

In addition, certain characteristics of credit positions do not fit well in the default 
correlation credit portfolio model. Guarantees, revolving credit agreements, and other 
contingent liabilities have features similar to options that are not reflective of this simplistic 
framework. For example, credit default swap (CDS) basis trades may not be modeled 
simply by credit or market risk* Rather technical factors may play an important role as was 
evident in the subprime mortgage crisis where there was a lack of liquidi ty. Furthermore, 
convertible bonds have characteristics of credit and equity portfolios driven by market and 
credit risks. 

Additional drawbacks in using the default correlation-based credit portfolio framework are 
related to the limited data for estimating defaults. Firm defaults are relatively rare events* 
Therefore, estimated correlations vary greatly depending on the data time horizon and 
industry Most studies use an estimated correlation of 0*05. Thus, default correlations are 
small in magnitude, and the joint probability of two firms defaulting is even smaller* 
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LO 24*3: Assess the impact of correlation on a credit portfolio and its Credit VaR. 



The effects of default default correlation, and loss given default are important determinants 
in measuring credit portfolio risk. A portfolios credit value at risk (credit VaR) is defined 
as the quantile of the credit loss less the expected loss of the portfolio. Default correlation 
impacts the volatility and extreme quantiles of loss rather than the expected loss. Thus, 
default correlation affects a portfolios credit VaR. 

If default correlation is 1, then there are no credit diversification benefits, and the portfolio 
behaves as if there were just one credit position. A default correlation equal ro 0 implies 
the portfolio is a binomial-distributed random variable because there is no correlation with 
other firms/credits* 



Example: Computing credit VAR (default correlation = 1 , number of credits = n) 

Suppose there is a portfolio with a value of $1,000,000 that has n credits. Each of the 
credits has a default probability of 7t percent and a recovery rate of zero. This implies that 
in the event of default, the position has no value and is a total loss. 

What is the extreme loss given default and credit VaR at the 95% confidence level if n is 
2% and the default correlation is equal to 1 ? 

Answer: 

With the default correlation equal to 1, the portfolio will act as if there is only one credit. 
Viewing the portfolio as a binomial-distributed random variable, there are only two 
possible outcomes for a portfolio acting as one credit. Regardless of whether the number 
of credits in the portfolio, n>\ s l, 20, or 1,000, it will still act as one credit when the 
correlation is 1 . 

The portfolio has a it percent probability of total loss and a (1 - it) percent probability 
of zero loss. Therefore, with a recovery rate of zero, the extreme loss given default is 
$1,000,000. The expected loss is equal to the portfolio value times it and is $20,000 
in this example (0.02 x $1,000,000). There is a 98% probability that the loss will be 0, 
given the fact that tt equals 2%, The credit VaR is defined as the quantile of the credit loss 
minus the expected loss of the portfolio. Therefore, at the 95% confidence level, the credit 
VaR is equal to -$20,000 (0 minus the expected loss of $20,000), 

Note that if it was greater than (1 - confidence level), the credit VaR would have been 
calculated as $1,000,000 — $20,000 = $980,000. 
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Example: Computing credit VAR (default correlation - 0, number of credits = 50) 

Again suppose there is a $1,000,000 portfolio with n credits that each have a default 
probability of n percent and a zero recovery rare* However, in this example the default 
correlation is 0, n = 50, and it = 0,02* In addition, each credit is equally weighted and has 
a terminal value of $20,000 if there is no default. The number of defaults is binomially 
distributed with parameters of n = 50 and ix = 0*02. The 95th percentile of the number 
of defaults based on this distribution is 3. What is the credit VaR at the 95% confidence 
level based on these parameters? 

Answer: 

The expected loss in this case is also $20,000 ($1,000,000 x 0.02)* If there are three 
defaults, the credit loss is $60,000 (3 x $20,000). The credit VaR at the 95% confidence 
level is $40,000 (calculated by taking the credit loss of $60,000 and subtracting the 
expected loss of $20,000). 



The term 'granular” refers to reducing the weight of each credit as a proportion of the total 
portfolio by increasing the number of credits. As a credit portfolio becomes more granular, 
the credit VaR decreases. However, when the default probability is low, the credit VaR is not 
impacted as much when the portfolio becomes more granular. 



Example: Computing credit VaR (default correlation = 0, number of credits - 1,000) 

Suppose there is a $1,000,000 portfolio with n credits that each have a default probability, 
Tt, equal to 2% and a zero recovery rate. The default correlation is 0 and n = 1,000. 

There is a probability of 28 defaults at the 95th percentile based on the binomial 
distribution with the parameters of n - 1,000 and it = 0.02. What is the credit VaR at the 
95% confidence level based on these parameters? 

Answer: 

The 95th percentile of the credit loss distribution is $28,000 [28 x ($1,000,000 / 1,000)] 
The expected loss in this case is $20,000 ($1,000,000 x 0.02). The credit VaR is then 
$8,000 ($28,000 - expected loss of $20,000). 

Thus, as the credit portfolio becomes more granular, the credit VaR decreases. For very 
large credit portfolios with a large number of independent credit positions, the probability 
that the credit loss equals the expected loss eventually converges to 100%. 
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LO 24.4: Describe the use of a single factor model to measure portfolio credit risk, 
including the impact of correlation. 



The single-factor model is used to examine the impact of varying default correlations based 
on a credit position's beta. Each individual firm or credit, /, has a beta correlation, /if, with 
the market, Firm is individual asset return is defined as: 

a; = $m + ^/l-/3i 2 s ; (2) 

where: 

yjl — /3p = firms standard deviation of idiosyncratic risk 
£j = firms idiosyncratic shock 

Assuming that each is not correlated with other credits, each return on asset, a p is a 
standard normal variate. The correlation between pairs of individual asset returns between 
two firms i and j is The model assumes that firm i defaults if < k ? the logarithmic 
distance to the defaulted asset value that is measured by standard deviations. 

An important property of the single-factor model is conditional independence. Conditional 
independence states that once asset returns for the market are realized, default risks are 
independent of each other. This is due to the assumption for the single-factor model 
that return and risk of assets are correlated only with the market factor. The property of 
conditional independence makes the single-factor model useful in estimating portfolio 
credit risk. 

So, how can the single-factor model be used to measure default probabilities that are 
conditional on market movements or economic health? Suppose that the market factor, m, 
has a specific value of m . Substituting this value m into Equation 2 and subtracting 
/T m from both sides results in Equation 3. Default risk is measured by the distance to 
default, a^ — j3 { m . This distance to default either increases or decreases, and. the only 
random parameter is the idiosyncratic shock, 

aj “ /3jfh — (3) 

As a result of this conditioning, the default distributions mean shifts based on the specific 
market value for any beta, that is greater than zero. The default threshold, k-, doe s not 

change, but the standard deviation of the default distribution is reduced from l to . 

The unconditional default distribution is a standard normal distribution. However, the 
conditional distribution is a normal distribution with a mean of m and a standard 
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deviation of yj 1-/3^ . Specifying a specific value m for the market parameter, m 7 in the 
single- factor model results in the following implications: 

1 . The conditional probability of default will be greater or smaller than the unconditional 
probability of default as long as m or are not equal to zero. This reduces the default 
triggers or number of idiosyncratic shocks, Sj, so that it is less than or equal to 

k- - j3^m , As the market factor goes from strong to weak economies, a smaller 
idiosyncratic shock will trigger default, 

2. The conditional standard deviation yj\ - 0\ is less than the unconditional standard 
deviation of 1. 

3. Individual asset returns, a [t and idiosyncratic shocks, are independent from other 
firms" shocks and returns. 

Conditional Default Distribution Variance 

Suppose a firm has a beta, /?■, equal to 0.5 and a default threshold, equal to —2.33. The 
unconditional probability of default <J>(-2.33) - 0.01 . If the market return is -0.5, what is 
the conditional variance of the default distribution using the single- factor model? 

© Professor s Note: Recall that the symbol <3> represents a standard normal 
distribution function . 

The conditional distribution is a normal distribution with a mean of A m and a conditional 
variance of 1 — (3j . For this example, the mean is p- m - 0.5 (-0.5) = -0.25, and the 
conditional variance is 1 - 0.5 2 = 0.75. The conditional standard deviation is then 0.866 
(the square root of the variance of 0.75). 

The conditional cumulative default probability function is stated as a function of m as 
follows: 



kj ~A m 

•fST; 

The mean is the new distance to default based on the realized market factor, 3pn , and the 

standard deviation assumes conditional independence and is equivalent to ^1 - . Thus, 

given a realized market factor, m , the probability of default is based on the distance of the 
new default trigger of idiosyncratic shocks, measured in standard deviations below its 
mean of zero. 

Professor's Note: For the exam , focus on how to calculate the parameters of the 
distribution (e.g , , the mean and the standard deviation). 

If we assume that distribution parameters (/3, k y and 7t) are equal for all firms, then the 
probability of a joint default for two firms can be defined as: 



p(m) — 



— P[-oo < a < k,-oo < a < k] 



Page ! 1 8 



©2014 Kaplan, Ine + 



Topic 24 

Cross Reference to GARP Assigned Reading - Malz, Chapter 8 



This assumption also allows us to define the default correlation for any pair of firms as 
follows: 



(£H 

(l-*) 



Although the derivation of this default correlation equation is not required for the exam, 
some candidates may wish to understand how Equation 1 (from LO 24.1) is used to derive 
Equation 4, 



The single- factor model assumes the cumulative return distribution of any pair of credit 
positions i and / is distributed as a bivariate standard normal distribution with a correlation 
coefficient equal to ftfiy The cumulative distribution function for this pair, i and/, is 

4»(;|).W C are interested in the probability of a joint default that will occur in the extreme 

tail of the distributions. Thus, the probability that the realized value for credit /, is less 
than the default threshold, or critical value, k v and is denoted for the pair of credits i and/ 
as: 



= p[-qo < aj <k i 3 -oo<aj <kjj 

In LO 24.1, Equation 1 defined the default correlation as the covariance of firm 1 and 2 
divided by the standard deviations of firm 1 and 2 as follows: 

Substituting J for Tt- results in: 

P,j — TTj J^-TTjtl — -ftj) 

If we assume that parameters (/?, k, and it) are equal for all firms, then the pairwise asset 
return correlation for any two firms must equal /3 2 and the previous equation simplifies to 
Equation 4. 

Credit VaR with a Single- Factor Model 

Previously, the loss distribution was estimated when the default correlation was either 0 or 
1 . In order to define the distribution of loss severity for values between 0 and 1 , we need 
to determine the unconditional probability of default loss. Using the single-factor model 
framework, the unconditional probability of a default loss level is equal to the probability 
that the realized market return results in a default loss. In other words, the individual credit 
asset returns, a> y are strictly a function of the market return and the asset returns correlation, 



©20 1 4 Kaplan, Inc, 



Page 1 1 9 



Topic 24 

Cross Reference to GARP Assigned Reading - Malz, Chapter 8 



or 0 {i with the market. The unconditional distribution used to calculate credit VaR is 
determined by the following steps: 

1 . The default loss level is assumed to be a random variable X with realized values of x. 
Under this framework, x is not simulated. 



2. Given a loss level of x , the value for the market factor, m t is determined at the 

probability of the stated loss level. The relationship between the loss level and market 
factor return is equal to: 



( 



x(m) = p(m) — 



k- 0m 



The market factor return, m , for a given loss level, x , is determined based on the 
following relationship: 



(x) 



\ 

k - 0m 




3* The marker factor is assumed ro be standard normal, and therefore, a loss level of 

0*0 1 (99% confidence level) is equal to a value of -233 based on the standard normal 
distribution. 



4. These steps are repeated for each individual credit to determine the loss probability 
distribution. 



Example: Realized market value 



Suppose a credit position has a correlation to the market factor of 0,25. What is the 
realized market value used to compute the probability of reaching a default threshold at 
the 99% confidence level? 

Answer: 



At the 99% confidence level, the default loss level has a default probability, it, of 0.0 1 , A 
default loss level of 0.01 corresponds to -2.33 on the standard normal distribution. The 
relationship between the default loss level and the given market return, w , is defined by: 



p(m) 



= 0.01 = $ 



k-pni 

.a/m? 



This is approximately equal to the probability of obtaining a realized marker return of 
-2,33 as follows: 






$ -1 (0.01) ss -2.33 = 



k — /3m 
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